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INTRODUCTION 
This  r e p o r t  provides  an executive summary of t h e  Eighth Annual Carmel 
Workshop held i n  Carmel, C a l i f o r n i a ,  from January 5 through January 10, 1986. 
The workshop was j o i n t l y  sponsored by t h e  Aerospace Human F a c t o r s  Research 
Div i s ion  and t h e  Army Aeroflightdynamics D i r e c t o r a t e ,  both a t  NASA Ames 
Research Center. 
Donchin, Head of t h e  Department of Psychology, Un ive r s i ty  of I l l i n o i s  a t  
Urbana-Champaign. 
The meeting was organized and cha i r ed  by D r .  Emanuel 
The goa l  of t h i s  s e r i e s  of workshops has been t o  b r i n g  t o g e t h e r  a small 
group of r e s e a r c h e r s  who r e p r e s e n t  two d i s t i n c t  d i s c i p l i n e s  t h a t  might b e n e f i t  
frem s h a r i n g  t h e i r  f i n d i n g s  and theories .  The theme of t h e  f i r s t  seven 
meetings was t h e  i n t e r a c t i o n  between Cognit ive Psychophysiology and o t h e r  
d i s c i p l i n e s .  However, i n  1986, t h e  series changed focus and brought t o g e t h e r  
groups of e x p e r t s  i n  human performance i n  complex systems. The 1986 Workshop 
was p red ica t ed  on t h e  assumption that t h e  f i e l d s  of t r a i n i n g  and workload 
measurement have made cons ide rab le  progress i n  t h e  l a s t  two decades,  but t h a t  
each a r e a  of r e sea rch  has progressed i n  i s o l a t i o n  from t h e  o the r .  It is  c l e a r  
t h a t  t h e  l e v e l  of t r a i n i n g  on any task may a f f e c t  t h e  workload a s s o c i a t e d  with 
t h a t  t a sk .  It is a l s o  q u i t e  obvious t h a t  t h e  workload encountered a t  d i f -  
f e r e n t  l e v e l s  of t r a i n i n g  can have a c o n s i d e r a b l e  e f f e c t  on t h e  q u a l i t y  of 
t r a i n i n g .  We assumed t h a t  by bringing t o g e t h e r  l e a d e r s  i n  t h e  f i e l d s  of 
workload and t r a i n i n g ,  and providing them with t h e  focus of cons ide r ing  t h e  
i n d i v i d u a l  and j o i n t  r e l a t i o n s h i p s  of t h e i r  d i s c i p l i n e s  t o  cha l l eng ing  t a s k s  
(e.g. ,  t hose  imposed by advanced h e l i c o p t e r s  and t h e  space  s t a t i o n ) ,  t h i s  
could have a s u b s t a n t i a l  e f f e c t  on i n t e g r a t i n g  t h e s e  d i s p a r a t e  a r e a s  of 
r e s e a r c h  and enhancing t h e i r  p r a c t i c a l  re levance.  
It was c l e a r  from t h e  q u a l i t y  of t h e  d i s c u s s i o n s  and t h e  comments of t h e  
p a r t i c i p a n t s  t h a t  t h e  workshop succeeded i n  i t s  goal .  I n  a d d i t i o n ,  i t  c l e a r l y  
served as a forum where government o f f i c i a l s ,  i n d u s t r y  r e s e a r c h e r s ,  academi- 
c i a n s ,  and government l a b o r a t o r y  s c i e n t i s t s  could d i scove r  what each had t o  
o f f e r  and what each needed. Considerable p rogres s  was made i n  examining 
d e f i c i e n c i e s  i n  t h e  flow of information among t h e  groups r ep resen ted  and i n  
understanding t h e i r  d i f f e r e n t  pe r spec t ives ,  approaches,  and goals .  However, 
much was l e f t  t o  be discussed.  Thus, a second workshop was scheduled f o r  
January 1987. 
broadened t o  inc lude  a cons ide ra t ion  of t h e  r o l e  of i n d i v i d u a l  d i f f e r e n c e s  i n  
workload and t r a i n i n g .  Although many of t h o s e  who p a r t i c i p a t e d  i n  1986 w i l l  
r e t u r n ,  a d d i t i o n a l  e x p e r t s  i n  t h e  f i e l d  of i n d i v i d u a l  d i f f e r e n c e s  and 
s e l e c t i o n  were i n v i t e d .  
Although t h e  format w i l l  be t h e  same, t h e  t o p i c  w i l l  be 
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Format of t h e  Carmel V I 1 1  Meeting 
There were 36 p a r t i c i p a n t s  from academia, government, and indus t ry  
(Appendix A) i n  t h e  Eighth Annual Carmel Workshop on Workload and Training.  
About one-third of t h e  p a r t i c i p a n t s  were expe r t s  i n  t r a i n i n g ,  w i th  an emphasis 
on those  who had examined means of t r a i n i n g  ope ra to r s  t o  cope wi th  complex 
systems. A second group of p a r t i c i p a n t s  were expe r t s  i n  t h e  d e f i n i t i o n ,  
measurement, management, and a n a l y s i s  of workload. The t h i r d  group of 
p a r t i c i p a n t s  represented t h e  Department of Defense and i n d u s t r i a l  organiza- 
t i o n s  who a r e  respons ib le  f o r  spec i fy ing ,  bu i ld ing ,  and managing advanced, 
complex systems. They must depend on t h e  r e sea rch  foundat ion  provided by t h e  
o t h e r  groups and adapt i t  f o r  t h e i r  s p e c i f i c  a p p l i c a t i o n s .  I n  developing t h e  
l ist  of p a r t i c i p a n t s ,  we sought d i v e r s i t y  w i t h i n  each s u b d i s c i p l i n e  so  t h a t  
d i f f e r e n t  c l a s ses  of r e sea rch  and l e v e l s  of a p p l i c a t i o n  would be represented .  
Attendance was by i n v i t a t i o n ,  and t h e  p a r t i c i p a n t s  were chosen not  only f o r  
t h e i r  e x p e r t i s e ,  but  a l s o  according t o  t h e i r  a b i l i t y  t o  c o n t r i b u t e  i n  t h i s  
type  of meeting. 
The Workshop‘s program had t h r e e  d i s t i n c t  s tages .  Excerpts  from t h e  
l e t t e r  of i n v i t a t i o n  ( o u t l i n i n g  t h e  goa l s  of t h e  meeting) and t h e  agenda a r e  
presented  i n  Appendices B and C. During t h e  f i r s t  2 days,  10 t u t o r i a l s  were 
presented  t h a t  were in tended  t o  acquain t  t h e  p a r t i c i p a n t s  wi th  t h e  a c t i v i t i e s  
w i th in  t h e  domain of each group. These t u t o r i a l s  helped t o  d e f i n e  f o r  t h e  
e n t i r e  group the problems and cons ide ra t ions  t h a t  each of i t s  c o n s t i t u e n t s  
cons ide r s  c r i t i c a l  and t o  s p e c i f y  t h e  d a t a  base t h a t  each draws upon. 
Following these  t u t o r i a l s ,  t h e  p a r t i c i p a n t s  were d iv ided  i n t o  fou r  
pane l s ,  each cons i s t ing  of members from t h e  t h r e e  groups of p a r t i c i p a n t s .  The 
panel  received very d e t a i l e d  charges  ( s e e  Appendix D) t h a t  cons i s t ed  of 
ques t ions  r e l a t ed  t o  a s p e c i f i c  segment of t h e  Workshop’s main theme. The 
panels  were given 2 days t o  develop a response t o  t h e  charges and spen t  t h e  
time i n  in t ens ive  d iscuss ions .  The p a r t i c i p a n t s  r epor t ed  t h a t  t h e s e  working 
groups were very va luab le  i n  c l a r i f y i n g  t h e  n a t u r e  of t h e  i n t e r f a c e  between 
t h e  groups represented a t  t h e  workshop. The t h i r d  and las t  phase of t h e  
workshop began on t h e  f o u r t h  day. Each panel  was a l l o t t e d  3 t o  4 hours t o  
r e p o r t  t h e i r  response t o  t h e  charge t o  t h e  e n t i r e  group. I n  g e n e r a l ,  t h e  t ime 
w a s  s p l i t  between p r e s e n t a t i o n s  by members of t h e  pane l s  and a c t i v e  gene ra l  
d i scuss ions  of the i s s u e s  r a i sed .  
The meeting w a s  adjourned fo l lowing  t h e  pane l  r epor t s .  The t u t o r i a l s  and 
t h e  r e p o r t s  of the panels  were recorded i n  t h e i r  e n t i r e t y .  The m a t e r i a l  i s  
being t ranscr ibed  and i t  is our  i n t e n t  t o  pub l i sh  t h e  proceedings of t h e  
conference within t h e  next  18 months. 
It can be sa id  wi th  cons ide rab le  confidence t h a t  t h e  C a r m e l  V I 1 1  Workshop 
was an overwhelming success .  Remarks rece ived  from some of t h e  p a r t i c i p a n t s  
are  included i n  Appendix E. It appears  t h a t  a forum w a s  c r e a t e d  i n  which 
government, indus t ry ,  and academic exper t s  were a b l e  t o  examine each other’s 
concepts  and values i n  an unprecedented manner. This  forum enabled a d e t a i l e d  
examination of the t h e o r e t i c a l  foundat ions of t r a i n i n g  and workload, as wel l  
as t h e  p r a c t i c a l  imp l i ca t ions  of t h e s e  conceptual  developments and t h e  
n e c e s s i t y  f o r  a more e f f i c i e n t  and e f f e c t i v e  f low of in format ion  among t h e  
d i s c i p l i n e s  represented.  
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Rat iona le  f o r  t h e  Workshop 
Over t h e  l a s t  decade, t h e  concept of workload has  been t h e  focus of 
cons ide rab le  a t t e n t i o n .  Hundreds of a r t i c l e s  have repor ted  empir ica l  and 
t h e o r e t i c a l  t rea tments  and many conferences have d e a l t  p r imar i ly  o r  s o l e l y  
wi th  t h e  concept ,  i t s  measurement and p r e d i c t i o n ,  and i t s  app l i ca t ions .  The 
concept of workload is  i n t r i g u i n g  from a t h e o r e t i c a l  p e r s p e c t i v e  because of 
i t s  i n t e r s e c t i o n  wi th  r e sea rch  i n  the f i e l d  of a t t e n t i o n .  However, much of 
t h e  impetus f o r  workload r e sea rch  has come from t h e  p r a c t i c a l  need t o  eva lua te  
workload during t h e  des ign  and opera t ion  of complex human-machine sys t ens .  For 
example, d i s p u t e s  about  t h e  number of crewmembers who w i l l  be  needed t o  f l y  
passenger  j e t s  and m i l i t a r y  h e l i c o p t e r s  i n  t h e  f u t u r e  i s  o f t e n  couched i n  
terms r e l a t e d  t o  t h e  a c c e p t a b i l i t y  of t h e  workload t h a t  w i l l  be imposed on t h e  
remaining crewmember(s), g iven a reduct ion i n  crew complement over  c u r r e n t  
l e v e l s .  Formal s t anda rds  o r  even rules of thumb have not  y e t  been developed 
t o  a l low a u s e r  o r  des igner  of a new system t o  make t h i s  judgment without  an 
empi r i ca l  eva lua t ion  i n  a pro to type  of t h e  target  system. 
The d e f i n i t i o n s  of workload, as w e l l  as t h e  measures used t o  q u a n t i f y  i t ,  
vary widely. Workload can be viewed as t h e  demands imposed upon t h e  l i m i t e d  
information-processing c a p a b i l i t i e s  of t h e  human opera tor .  A l t e r n a t i v e l y ,  
o t h e r  approaches emphasize t h e  sub jec t ive  experience of c o g n i t i v e  e f f o r t ,  t h e  
operator’s l e v e l  of a r o u s a l ,  and the phys ica l ,  mental and emotional  c o s t  t o  
t h e  human ope ra to r  of ach iev ing  t h e  r equ i r ed  l e v e l  of performance. Gopher and 
Dnnchin considered workload +-e be a hypo the t i ca l ,  mult idimensional ,  cons t ruc t  
whose measurement must i nc lude  behaviora l ,  phys io log ica l ,  and s u b j e c t i v e  
a spec t s .  Indeed, workload measures i n  c u r r e n t  u se  inc lude  ove r t  response 
techniques  (bo th  primary and secondary t a s k  measures),  s u b j e c t i v e  measures ( i n  
which t h e  performer eva lua te s  h i s  or he r  workload),  and psychophysiological  
techniques  ( i n  which var ious  bodi ly  responses ,  such as p u p i l  s i z e  and 
brainwaves, are monitored). 
Another a r e a  of r e sea rch  t h a t  is a l s o  experiencing a contemporary 
r ena i s sance  is  t r a i n i n g  o r  s k i l l  acquis i t ion .  The performance of an advanced 
human-machine system is highly  dependent on t h e  e x p e r t i s e  of i t s  opera tors .  
Although much e f f o r t  is  put  i n t o  s impl i fy ing  systems and making them e a s i e r  t o  
o p e r a t e ,  t h e  enormous complexity of t echno log ica l ly  advanced systems has  
c r e a t e d  a s u b s t a n t i a l  demand f o r  well-trained opera tors .  The per iod  of 
t r a i n i n g  grows ever  longer ,  and, i n  f a c t ,  never ends; cont inuing  t r a i n i n g  is  
needed t o  maintain an operator’s exper t i se .  This  i n c r e a s e  i n  t h e  l e n g t h  of 
t r a i n i n g ,  t h e  c o s t  of t h e  t a r g e t  systems, and t h e  c o s t  of t r a i n i n g  devices  
b u i l t  t o  s imula t e  them has c rea t ed  a s i t u a t i o n  i n  which small  improvements i n  
t r a i n i n g  w i l l  t r a n s l a t e  i n t o  savings of m i l l i o n s  of d o l l a r s .  
Another f a c t o r  which cont r ibu ted  t o  t h e  resurgence  of r e sea rch  on 
t r a i n i n g  is  t h e  microcomputer revolut ion.  Mainframe computers have been used 
f o r  yea r s  t o  t r a i n  a number of skills i n  many environments. However, t h e  
i n t r o d u c t i o n  of low-cost microprocessors i n t o  t h e  world of s imula t ion  w i l l  
a l low a wide use  of t r a i n i n g  manipulations t h a t  were p rev ious ly  impossible  o r  
p r o h i b i t i v e l y  expensive. P resen t ly ,  t h e r e  a r e  a few examples of inexpensive 
and powerful t r a i n i n g  devices  (such as t h e  tank  gunnery t r a i n e r  developed by 
Pe rcep t ron ic s ) .  However, t h e  new technology p resen t s  i n v e s t i g a t o r s  wi th  both 
new t o o l s  and new chal lenges.  
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The degree of ope ra to r  t r a i n i n g  should,  i n  theory,  a f f e c t  t h e  workload 
experienced during t a s k  performance. 
imposed by a t a s k  w i l l  a f f e c t  t h e  t r a i n i n g  process.  Yet, r e sea rch  i n  these 
two a r e a s  has been conducted wi th  minimal cross-contact .  The s e p a r a t i o n  
between t h e  t w o  f i e l d s  is u n f o r t u n a t e ,  because both r e sea rch  and a p p l i c a t i o n  
s h a r e  s i m i l a r  d i f f i c u l t i e s .  An example may be found i n  t h e  requirement f o r  
t a s k  a n a l y s i s  common t o  both d i s c i p l i n e s .  
comparing r e s u l t s  a c r o s s  s t u d i e s  i n  which d i f f e r e n t  t a s k s  were performed and 
d i f f e r e n t  measures obtained. Both need o b j e c t i v e  performance c r i t e r i a  t o  
e v a l u a t e  t h e  success of t h e i r  procedures. And, both f a c e  t h e  d i f f i c u l t y  of 
e x t r a p o l a t i n g  the r e s u l t s  of previous s t u d i e s  t o  new t a s k s  o r  environments. 
It is  a l s o  evident  t h a t  t h e  workload 
Both f a c e  t h e  d i f f i c u l t y  of 
The i n t e r a c t i o n  between workload and t r a i n i n g  i s  r a r e l y  a t o p i c  of 
r e s e a r c h  and discussion. This  s i l e n c e  is loud because i t  is c l e a r  t h a t  a 
connect ion between t h e  two e x i s t s .  
becomes h igh ly  p rac t i ced .  For example, Schneider’s d e s c r i p t i o n  of h i s  work on 
automatic  processing i l l u s t r a t e s  w e l l  how t h e  workload t h a t  an o p e r a t o r  
experiences is  reduced with p r a c t i c e .  On t h e  o t h e r  hand, t h e  workload 
l i t e r a t u r e  t r e a t s  t h e  i n f l u e n c e  of t r a i n i n g  as an e x t e r n a l  f a c t o r .  Most 
s t u d i e s  focus on t h e  workload l e v e l s  achieved wi th  asymptot ic  l e v e l s  of 
performance and t r e a t  performance improvements as evidence f o r  lower workload. 
Workload i s  c l e a r l y  reduced when a t a s k  
The in f luence  of workload on t r a i n i n g  is  equa l ly ,  i f  not  more, neglected.  
General  p r a c t i c e  ho lds  t h a t  f o r  i n s t r u c t i o n  t o  be s u c c e s s f u l ,  workload should 
be maintained a t  an optimal l e v e l .  Here aga in  t h e  importance of t h e  t o p i c  i s  
acknowledged, b u t  t h e  t o p i c  is  then put  a s i d e  wi th  no f u r t h e r  discussion.  An 
a d d i t i o n a l  source of confusion is t h e  f a c t  t h a t  i n  t h e  p a s t ,  when workload was 
introduced i n d i r e c t l y  ( a s  it was i n  r e s e a r c h  on massed versus  d i s t r i b u t e d  
p r a c t i c e ) ,  a d i scuss ion  of t h e  i n f l u e n c e  of workload was l i m i t e d  t o  i t s  impact 
on performance, no t  on learning.  I n  f a c t ,  workload measures a r e  r a r e l y  even 
obtained during t h e  t r a i n i n g  s t a g e s  of experiments designed t o  addres s  
workload. 
The a r t i f i c i a l  s e p a r a t i o n  between t h e s e  two c l o s e l y  r e l a t e d  domains is  
counterproductive.  Both f i e l d s  have grown, and t h e  t i m e  is  r i p e  f o r  a 
s c r u t i n y  of t he  r e l a t i o n s h i p  between then. Crossing t h e  l i n e s ,  and d i s c u s s i n g  
t h e  r e l a t i o n s h i p  between t r a i n i n g  and workload i s  expected t o  be b e n e f i c i a l .  
Any merging of two bodies of knowledge is l i k e l y  t o  advance both f i e l d s ;  t h i s  
is  p a r t i c u l a r l y  t h e  c a s e  when t h e  two domains have so much i n  common. 
Focal Po in t s  f o r  t h e  Workshop 
He l i cop te r  Nap-of-the-Earth F l igh t -  Of t h e  many t a s k s  and environments 
which confront  human o p e r a t o r s  of complex, advanced technology systems, t h e r e  
a t e  two t h a t  represent  extremes of t a s k s  and environments: s i n g l e - p i l o t  nap- 
of-the-earth (NOE) m i l i t a r y  missions flown a t  n i g h t  i n  a l l  weather c o n d i t i o n s ,  
and long-duration, multicrew, space s t a t i o n  missions.  These two t a s k s ,  and 
t h e i r  environments, coupled wi th  t h e o r e t i c a l  and a p p l i e d  i s s u e s  r e l a t e d  t o  
t r a i n i n g  and workload were t h e  f o c i  of t h e  workshop’s d e l i b e r a t i o n s .  
The h e l i c o p t e r  p i lo t ’ s  t a s k  i n  NOE missions might be de f ined  as a r a p i d  
and continuous concatenat ion of g o a l  d i r e c t e d  a n t i c i p a t o r y  a c t i v i t y ,  motivated 
by s t a r k  f e a r ,  while a t tempting t o  coord ina te  and i n t e r a c t  w i th  o t h e r  p i l o t s  
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s i m i l a r l y  engaged and motivated.  Quite a s i d e  from t h e  obvious h o s t i l i t y  of 
t h e  NOE environment, f l y i n g  i n  t h e  v i c i n i t y  of 40 mph only a few f e e t  above 
t h e  ground, produces r e l a t i v e  v e l o c i t i e s  as g r e a t  a s  those  experienced by a 
fixed-wing f i g h t e r  a i r c r a f t  f l y i n g  a t  hundreds of f e e t  above t h e  t e r r a i n .  The 
NOE h e l i c o p t e r  p i l o t  is ,  however, cons t ra ined  t o  f l y  down a tube  of s a f e t y .  
Above some a l t i t u d e ,  def ined  by surrounding t e r r a i n  and vege ta t ion ,  t h e  
h e l i c o p t e r  is s u b j e c t  t o  r ada r  de t ec t ion  and p o t e n t i a l  d e s t r u c t i o n  by an 
enemy. 
c o n s t r a i n  l a t e r a l  maneuvering space,  and unplanned i n t e r s e c t i o n  wi th  t h e  
ground and f l y i n g  too  slowly c l o s e  t o  t h e  ground (which makes t h e  h e l i c o p t e r  
vu lne rab le  t o  hand-held arms o r  primitive m i s s i l e s  such a s  rocks and s t i c k s )  
must be avoided. Fu r the r ,  t h e  maximum speed p o t e n t i a l  of h e l i c o p t e r s  i s  
l i m i t e d ;  t hus ,  h e l i c o p t e r  p i l o t s  cannot climb r a p i d l y  t o  a high a l t i t u d e  or 
perform a r a p i d ,  high-g maneuver t o  escape a t h r e a t  o r  g i v e  themselves t ime t o  
th ink  and r ep lan  t h e  next segment of t h e  mission. 
The very  t e r r a i n  and vegeta t ion  t h a t  provide p r o t e c t i o n  from d e t e c t i o n  
I n  o rde r  t o  accomplish missions a t  n i g h t  and i n  low v i s i b i l i t y ,  p i l o t s  
must wear l i g h t - i n t e n s i f y i n g  goggles o r  use  helmet-mounted, monocular d i s p l a y s  
of i n f r a r e d  imagery. While t h e s e  v i sua l  enhancement systems a r e  e s s e n t i a l  f o r  
any ope ra t ions  under t h e s e  environmental cond i t ions ,  t h e i r  use p l aces  very 
high demands on t h e  p i l o t s .  The f i e l d  of view i s  r e s t r i c t e d  t o  about 40’, 
seve re ly  reducing e s s e n t i a l  per iphera l  v i s u a l  cues. The images a r e  d isp layed  
monochromatically, have l i m i t e d  r e so lu t ion ,  and provide a l i m i t e d  forward 
f i e l d  of view. I n  add i t ion ,  helmet-mounted d i s p l a y s  a r e  presented  monoc- 
u l a r l y ,  r a i s i n g  i s s u e s  of b inocular  r i v a l r y  between t h e  aided and unaided eye 
and t h e  l o s s  of s t e r eoscop ic  cues. Thus, t h e s e  systems impose h igh  workload, 
even on t r a i n e d  p i l o t s ,  and present  a cha l l eng ing  t r a i n i n g  problem. 
General ly ,  i t  is only  when a i r c r a f t  a re  i n  c l o s e  proximity t o  t h e  ground 
t h a t  new a c t i v i t i e s  must be performed r ap id ly .  T ime  t o  execute  and p lan  
a c t i o n s  dur ing  t h e s e  per iods  is l imi ted  y e t  t h e  consequences of e r r o r s  can be 
ca t a s t roph ic .  Perhaps because of the time c o n s t r a i n t s ,  e r r o r s  may even be 
more l i k e l y .  These per iods  are br ie f  and do not  occur more o f t e n  than  twice  
per  f l i g h t  i n  most fixed-wing operat ions.  With h e l i c o p t e r s  f l y i n g  NOE, 
however, such per iods  a r e  of long dura t ion  and occur f requent ly .  
Another c h a r a c t e r i s t i c  of NOE f l i g h t  which is  equa l ly  i n t e r e s t i n g  and 
important  i s  t h a t  naviga t ion  from one p o i n t  t o  another  i s  accomplished no t  by 
a s t r a i g h t  l i n e  of f l i g h t ,  as i n  t h e  case of fixed-wing a i r c r a f t ,  but  by t h e  
c i r c u i t o u s  r o u t e s  d i c t a t e d  by t h e  t e r r a i n ,  vege ta t ion ,  and o t h e r  obs t ac l e s .  
The environment and p o t e n t i a l  t h r e a t s  may be known only  approximately i n  
advance and i t  is  d i f f i c u l t  t o  remain s p a t i a l l y  o r i en ted .  Therefore ,  one can 
add an  element of oppor tuni ty  and unce r t a in ty  t o  t h e  mission; t h a t  i s ,  t h e  
s c e n a r i o  of any NOE mission may change r a d i c a l l y  as a r e s u l t  of unexpected 
events  o r  d i scovery  of new oppor tuni t ies .  
requirement on t h e  p i l o t :  dynamic task r econf igu ra t ion  i n  terms of g o a l s  and 
s e l e c t i o n  of systems t o  execute  newly evolv ing  t a sks .  
This  imposes an a d d i t i o n a l  
For t h e  h e l i c o p t e r  p i l o t ,  NOE f l i g h t  p r e s e n t s  only a r e l a t i v e l y  s a f e  
It is cha rac t e r i zed  by a poss ib ly  domain i n  which t o  complete a mission. 
i n t o l e r a b l e  number of competing demands f o r  a t t e n t i o n  and a c t i o n ,  and very  
l i t t l e ,  i f  any, time which can s a f e l y  be a l l o c a t e d  t o  t h e  planning and 
execut ion  of command-control func t ions  and c o r r e c t i v e  a c t i v i t i e s .  Although 
t h i s  i s  a d i f f i c u l t  s t a t e  of a f f a i r s  f o r  t h e  h e l i c o p t e r  p i l o t ,  i t  r e p r e s e n t s  a 
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wonderful opportuni ty  f o r  r e sea rche r s  i n t e r e s t e d  i n  understanding and so lv ing  
problems of human behavior and performance i n  complex systems. 
Space S ta t ion  Missions- The Space S t a t i o n  i s  not  a v e h i c l e  a t  a l l ,  but  a 
f a c i l i t y  opera t ing  i n  a near-Earth o r b i t .  It i s  expected t o  be launched i n  
t h e  l a t e  1990s; t hus ,  much of what i s  envis ioned is  s t i l l  conjec ture .  The 
f a c i l i t y  w i l l  operate  a t  a l t i t u d e s  somewhere between 250 and 300 n.mi. above 
t h e  Ea r th  while o r b i t i n g  a t  a v e l o c i t y  of about 29,000 mph. 
s t a t i o n ,  t h e r e  w i l l  be a crew of e i g h t  who w i l l  s t a y  i n  o r b i t  f o r  90 days a t  a 
t i m e .  L a t e r ,  as t h e  f a c i l i t y  i s  expanded, t h e r e  may be as many as 30 people  on 
board. 
I n  t h e  f i r s t  
The Space S t a t i o n  w i l l  be b u i l t  i n  o r b i t  by assembling p r e f a b r i c a t e d  
elements de l ivered  by a S h u t t l e  f l e e t .  
and bu i ld  t h e  Space S t a t i o n  w i l l  do so  i n  hard s u i t s  r a t h e r  than i n  t h e  f a b r i c  
s u i t s  used today, because of t h e  hazards  presented by space  deb r i s .  A hard 
s u i t  w i l l  be required not  only f o r  d u r a b i l i t y ,  but  f o r  mechanical advantage t o  
c o n s t r u c t  t h e  s t a t ion .  Af t e r  t h e  Space S t a t i o n  i s  completed, i ts  crew w i l l  
c o n s i s t  of s c i e n t i s t s  and engineers ,  f o r  t h e  most p a r t ,  wi th  a d d i t i o n a l  crew- 
members charged wi th  c u s t o d i a l ,  o p e r a t i o n a l ,  and managerial  r e s p o n s i b i l i t i e s .  
The c o n s t r u c t i o n  workers who assemble 
The Space S t a t i o n  w i l l  c o n s i s t  of f i v e  modules: one f o r  t h e  crew 
res idence ,  one f o r  biomedicine and animal s t u d i e s  (no human experimentat ion is 
planned) ,  another  f o r  mater ia l s -process ing  r e sea rch ,  and one each owned by 
Japan and a European consortium. The c o s t  of bu i ld ing  and launching t h e  
f a c i l i t y  i s  estimated a t  $8 b i l l i o n ,  w i th  t h e  United S t a t e s  provid ing  $6 
b i l l i o n  and the  remaining $2 b i l l i o n  being s p l i t  among t h e  o t h e r  nations--a 
t r u e  i n t e r n a t i o n a l  undertaking. This  o r b i t i n g  f a c i l i t y  w i l l  be t h e  most 
expensive,  well-thought-out and planned, high-technology f a c i l i t y  ever  b u i l t .  
It w i l l  be dominated by automated subsystems t h a t  w i l l  c o n t r o l  and monitor t h e  
completely enclosed l i f e  suppor t  system on which t h e  l i v e s  of t h e  crew w i l l  
depend. 
The crew w i l l  l i k e l y  work i n  two or  t h r e e  s h i f t s ,  depending on t h e  f i n a l  
s i z e  of t h e  crew l i v i n g  qua r t e r s .  For i n s t a n c e ,  two s h i f t s  would be e l e c t e d  
i f  t h e  crew qua r t e r s  could support  on ly  fou r  a s t r o n a u t s  a t  a t i m e  wi th  
comfort; wh i l e  half  of t h e  crew s l e e p s ,  t h e  o t h e r s  would be on duty.  This  is 
c a l l e d  "hot bunking" and i s  a common p r a c t i c e  i n  submarines. There a r e  o t h e r  
s imi la r i t i es  between t h e  Space S t a t i o n  and submarines. 
long-term missions performed i n  confined spaces and h o s t i l e  environments. The 
major d i f f e r e n c e  is t h a t  submariners o p e r a t e  under m i l i t a r y  d i s c i p l i n e  and t h e  
crews a r e  wel l - t ra ined,  hand-picked, and accustomed t o  working under a well- 
e s t a b l i s h e d  chain of command. The Space S t a t i o n ,  being an i n t e r n a t i o n a l  c i v i l  
ope ra t ion ,  w i l l  no t  have t h e  m i l i t a r y  model of command and d i s c i p l i n e  t o  
depend upon. Furthermore, even though a s t r o n a u t s  c u r r e n t l y  average 14 years  
of t r a i n i n g ,  the f u t u r e  i n h a b i t a n t s  of t h e  Space S t a t i o n  can be expected t o  
have no more than a few months of t r a i n i n g .  An i n t e r e s t i n g  c o n t r a s t  between 
submarines and the  Space S t a t i o n  is  t h a t  submariners may not  s e e  t h e  l i g h t  of 
day f o r  days a t  a time. S ince  t h e  Space S t a t i o n  w i l l  make one r evo lu t ion  of 
t h e  e a r t h  every 90 minutes,  t h e  crew of t h e  s t a t i o n  w i l l  s e e  16 s u n r i s e s  a day 
o r  1440 s u n r i s e s  i n  a 90-day tou r  of duty.  
rhythm must be addressed no matter what t h e  work/s leep d e c i s i o n  t u r n s  out  t o  
be. 
They both r ep resen t  
Thus, t h e  problem of c i r c a d i a n  
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The crewOs s u r v i v a l  w i l l  be t o t a l l y  dependent on t h e  f l a w l e s s  o p e r a t i o n  
A l l  a i r ,  water, of a completely enclosed and automated l i f e  suppor t  system. 
and o t h e r  f l u i d s  w i l l  be recycled. A l l  odors t h a t  evolve,  remain, and w i l l  be 
added t o  a l l  previous odors. Fu r the r ,  t h e r e  w i l l  be a 21-day turnaround time 
f o r  each S h u t t l e  f l i g h t  up t o  t h e  S ta t ion ,  and each round-trip f l i g h t  i s  
p ro jec t ed  t o  c o s t  about $120 mi l l i on .  I f  an i l l n e s s  o r  i n j u r y  occurs ,  t h e r e  
w i l l  be a s e r i o u s  r e l u c t a n c e  to  make an unscheduled r e scue  f l i g h t .  An 
emotionally d i s t u r b e d  crew member may p resen t  an even'worse problem, a s  t h e r e  
i s  no p rov i s ion  f o r  p r o t e c t i v e  confinement. 
From t h e  crewOs p e r s p e c t i v e ,  t h e  environment r e p r e s e n t s  complete 
i s o l a t i o n  from t h e  E a r t h  on t h e  one hand, y e t  complete absence of pe r sona l  
i s o l a t i o n  from o t h e r  crew members on t h e  o the r .  One cannot j u s t  go out  and 
t ake  a walk t o  g e t  away from it a l l .  For one t h i n g ,  t h e  c o s t  of each ex t r a -  
v e h i c u l a r  event is  p r o j e c t e d  a t  $80,000 p e r  hour. For a n o t h e r ,  t h e  hard s u i t  
p r o t e c t i v e  system is  cumbersome and d i f f i c u l t  t o  pu t  on. Also, t h e  n o i s e  from 
f a n s  and o t h e r  machinery is expected t o  be very high. 
S h u t t l e ,  t h e  n o i s e  l e v e l  is 60 t o  70 dB a t  a l l  times. F i n a l l y ,  t h e  problem of 
space s i c k n e s s  as a r e s u l t  of t h e  microgravity environment is  a real  concern. 
I n  a 90-day mission i t  could occur a t  any time, no t  j u s t  i n  t h e  beginning. I f  
s l e e p  d i s r u p t i o n ;  long, f a t i g u i n g  mission t a s k s ;  and a d rab ,  unchanging, 
equipment-dominated environment are added t o  a l l  c o n d i t i o n s  desc r ibed  up t o  
t h i s  p o i n t ,  you have l i f e  on t h e  Space S ta t ion .  It is l i k e l y  t h a t  a t  l ea s t  
mood and behav io ra l  changes w i l l  be  a common occurrence du r ing  a 90-day t o u r  
ahcard t h e  Space S t a t i o n .  
Even now on t h e  
Thus, t h e r e  are some remarkable d i f f e r e n c e s  between t h e  two missions and 
environments, y e t  t h e r e  a re  s i m i l a r i t i e s  as w e l l .  A Space S t a t i o n  crew member 
looking out  a viewing p o r t  w i l l  perceive t h a t  t h e  S t a t i o n  is  moving very 
slowly re la t ive  t o  t h e  Ea r th ,  even though i t  is  o r b i t i n g  a t  29,000 mph. The 
h e l i c o p t e r  p i l o t ,  on t h e  o t h e r  hand, f l y i n g  a t  40 mph a few f e e t  o f f  t h e  
ground w i l l  pe rce ive  movement t h a t  may f e e l  f a s t e r  than is comfortable. The 
primary s imilar i t ies  r e f l e c t  t h e  crew-s dependence upon advanced technology 
and automation and t h e  stresses induced by t h e  missions and t h e  environments. 
These two missions,  and t h e  v e h i c l e s  t h a t  a r e  expected t o  execute  them, 
r e p r e s e n t  t h e  extremes of what people w i l l  be asked t o  do i n  t h e  f u t u r e .  
If t h e s e  two systems and t h e i r  environments r e p r e s e n t  t h e  extremes of 
human involvement with complex systems, i t  is  clear t h a t  t h e r e  a r e  problems 
f o r  which w e  do not  y e t  have a l l  t h e  needed information and s o l u t i o n s .  The 
f i r s t  s t e p  i n  t h e  des ign  of any advanced system is  t a s k  and mission a n a l y s i s .  
Estimates of t r a i n i n g  requirements ,  workload l e v e l s ,  and performance c r i t e r i a  
begin wi th  t h e s e  analyses .  Unfortunately,  t h e  a c t u a l  t a s k s  and missions and 
f i n a l  des igns  are no t  y e t  a v a i l a b l e  in  any d e t a i l  f o r  e i t h e r  of t h e s e  two 
veh ic l e s .  
missions,  environments, and tasks .  Thus, when t h e  complex i n t e r a c t i o n s  among 
t r a i n i n g ,  workload, and performance i s s u e s  are  addressed i n  t h e  con tex t  of 
t h e s e  systems, i t  ensures  some l e v e l  of r e l evance  and focus f o r  t h e  
d e l i b e r a t i o n s  . 
However, w e  do have some idea of t h e  range and domain of t h e  
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FUTURE WORKSHOPS 
I n  t h e  upcoming workshop (Carmel I X ) ,  one c r i t i c a l  c o n s i d e r a t i o n  w i l l  be 
added t o  t h e  d i scuss ion  of workload and t ra ining-- that  of i n d i v i d u a l  d i f f e r -  
ences. Far too much of our t h ink ing  is  focused on t h e  "average" i n d i v i d u a l ,  
few of whom a r e  ever encountered i n  p r a c t i c e .  It is  clear  t h a t  t h e  n a t u r e  of 
t r a i n i n g  programs and t h e i r  e f f e c t s  on, and i n t e r a c t i o n  wi th ,  workload depend 
t o  a very g r e a t  degree on t h e  a t t r i b u t e s  of t h e  i n d i v i d u a l  ope ra to r .  
i s s u e s  were alluded t o  i n  t h e  1986 meeting, but t h e r e  was i n s u f f i c i e n t  t i m e  t o  
d e d i c a t e  t h e  necessary a t t e n t i o n  t o  i n d i v i d u a l  d i f f e r e n c e s ,  and sub jec t -ma t t e r  
e x p e r t s  were not p re sen t .  This  w i l l  be r e c t i f i e d  i n  t h e  1987 meeting. 
Workload, t r a i n i n g ,  and i n d i v i d u a l  d i f f e r e n c e s  w i l l  be  considered i n  t h e  
con tex t  of advanced-technology, s i n g l e - p i l o t ,  h e l i c o p t e r s .  These v e h i c l e s  
p re sen t  t h e  most c r i t i c a l  workload and t r a i n i n g  problems i n  t h e  f i e l d  of human 
f a c t o r s  today. Because workload l e v e l s  w i l l  be s o  high and t h e  margin f o r  
e r r o r  so  low, t r a i n i n g  must be very e f f e c t i v e ,  workload must be evaluated ve ry  
a c c u r a t e l y ,  and t h e  v a r i a b i l i t y  introduced by i n d i v i d u a l  d i f f e r e n c e s  anong 
o p e r a t o r s  may become c r i t i c a l .  
These 
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APPENDIX B 
November 8,  1985 
Dear Colleague: 
... It seems se l f -ev ident  t h a t  t h e  design of t r a i n i n g  systems need cons ider  
t h e  workload a s soc ia t ed  wi th  t h e  tasks  f o r  which one t r a i n s .  It i s  a l s o  
reasonable  t o  assume t h a t  t h e  workload of a t a s k  changes a s  p ro f i c i ency  
i n c r e a s e s  wi th  t r a i n i n g .  Y e t ,  one would ha rd ly  n o t i c e  t h e  r e l a t i o n s h i p  
between t h e  two a r e a s  of i nves t iga t ion  from a pe rusa l  of t h e  r e l evan t  
l i t e r a t u r e .  S tud ie s  of t r a i n i n g  barely no te  t h e  va r i ance  introduced by 
vary ing  workload, and s t u d e n t s  of workload tend t o  ignore  t h e  c o n t i n u a l l y  
changing i n t e r a c t i o n  between system and ope ra to r  as p r a c t i c e  on t h e  t a s k  
improves performance. The purpose of t h e  Carmel Workshop is  t o  examine t h e  
p ropos i t i on  t h a t  r e sea rch  on workload and t r a i n i n g  need be b e t t e r  i n t e g r a t e d ;  
t o  i d e n t i f y  areas of i n t e r e s t  common t o  i n v e s t i g a t o r s  of workload and 
t r a i n i n g ,  and t o  c h a r t  d i r e c t i o n s  for  r e sea rch  t h a t  w i l l  emphasize t h e  
i n t e r a c t i o n  between t h e  a reas .  
To provide a conc re t e  framework f o r  t h e  d i scuss ions  we s h a l l  examine t h e  
manner i n  which t h e s e  i s s u e s  a r i s e  in  t h e  contex t  of t h e  des ign  of two spec i -  
f i c  systems, t h e  Advanced Hel icopter  systems developed by t h e  US Army and t h e  
Space S ta t ion .  Both systems p lace  ex t raord inary  cha l lenges  on t h e i r  des igne r s  
and t h e  des ign  of t r a i n i n g  procedures is an important component of o v e r a l l  
system design. 
t h e  systems w i l l  be of major concern f o r  t h e  workshop. Though w e  do,  a t  t h e  
same t i m e ,  hope t o  examine i s s u e s  with due a t t e n t i o n  t o  t h e  r e l evan t  t h e o r e t i -  
c a l  issues . .  . 
The i n t e r a c t i o n  of such t r a i n i n g  wi th  t h e  workload imposed by 
... The o r i g i n a l  Carmel Conference series was sponsored by t h e  Sloan 
Foundation, and i ts  mission has been t o  b r ing  toge the r  i n v e s t i g a t o r s  from two 
a r e a s  of research  where a common i n t e r e s t  is l i k e l y  but a s  y e t  undeveloped. 
The p a t t e r n  w e  have found e f f e c t i v e  is r e f l e c t e d  i n  t h e  agenda f o r  t h i s  
meeting. The workshop’s program is d iv ided  i n  t h r e e  pa r t s .  We begin with a 
series of 10 t u t o r i a l s .  The t u t o r i a l s  are designed t o  acquain t  members of 
each of t h e  p a r t i c i p a t i n g  groups with t h e  s t a t e  of t h e  a r t  i n  t h e  domain of 
t h e  o t h e r  groups. 
Following t h e  l a s t  t u t o r i a l  the workshop breaks i n t o  4 panels ,  each panel  
I n  t h e  
wi th  6-8 members, t h e  membership of each i s  chosen t o  r ep resen t  t h e  va r ious  
groups of p a r t i c i p a n t s .  
fo l lowing  day and a ha l f  t h e  panels  develop t h e i r  responses  t o  t h e  charge. 
The charges t o  t h e  pane ls  f o r  t h i s  meeting are  enclosed wi th  t h i s  l e t t e r  as 
a r e  t h e  assignments of p a r t i c i p a n t s  t o  panels.  While meeting rooms are  made 
a v a i l a b l e  t o  t h e  pane ls  they are f r ee  t o  make any arrangements they  f i n d  
congenia l  and e f f e c t i v e  as long as they are ready wi th  t h e i r  response t o  t h e  
charge by t h e  t i m e  i t  is needed. 
Each panel is given a f a i r l y  d e t a i l e d  charge.  
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I n  t h e  l a s t  two days of t h e  meeting t h e  pane ls  r e p o r t  t o  t h e  workshop. 
We assemble again as one group and each panel  is  a l l o t t e d  h a l f  a day f o r  i t s  
ve rba l  presenta t ion .  It i s  l e f t  t o  each panel  t o  des ign  i t s  p resen ta t ion .  
The a l l o c a t i o n  of t h e  panel’s t i m e  is i n  t h e  hands of i t s  chairman. The most 
common arrangement has been to a l l o t  20-30 minutes t o  each of t h e  p a r t i c i -  
pants.  However, some panels  adopted d i f f e r e n t  schemes. A l l  a re  l e g a l  
provided t h e  charge is m e t  and t h a t  ample t i m e  is  l e f t  f o r  d i s c u s s i o n  of t h e  
presenta t ions . .  . 
. . . A l l  p a r t i c i p a n t s  are expected t o  a t t e n d  t h e  e n t i r e  conference,  beginning 
wi th  t h e  opening s e s s i o n  and ending wi th  t h e  l a s t  pane l  d i s c u s s i o n  on Friday. 
P a r t i a l  p a r t i c i p a t i o n  has a d i s r u p t i n g  e f f e c t  on t h e  meeting and w e  have t o  be 
adamant t h a t  a c t i v e  p a r t i c i p a n t s ,  whose expenses a r e  pa id  by t h e  Workshop, 
a t t e n d  t h e  e n t i r e  meeting. This  r u l e  does no t  apply t o  obse rve r s ,  who come a t  
t h e i r  own expense and who do not  have a formal r o l e  i n  t h e  Workshop... 
. . . I a m  looking forward to see ing  you i n  Carmel. 
With r ega rds ,  
Emanuel Donchin, Ph.D. 
P ro fes so r  and Head 
ed/bjm 
Enclosures:  Agenda 
Charge t o  Panels  
Par t ic ipants ’  L i s t  
Reg i s t r a t ion  q u e s t i o n n a i r e  
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Sunday, Jan  5 ,  1986 
4:00-6:00pm Garden Room, R e g i s t r a t i o n  
8:00-9:00pm E. Donchin, Un ive r s i ty  of I l l i n o i s  
S t ruc tu red  P r a c t i c e  - A Path t o  Exper t i se .  An examination 
of t h e  r o l e  of p a r t - t r a i n i n g  i n  t h e  a c q u i s i t i o n  of exper- 
t i s e .  The l e c t u r e  w i l l  review t h e  i n t e r i m  r e s u l t s  of t h e  
Learning S t r a t e g i e s  p ro jec t .  
Monday, Jan  6 ,  1986 
9 :00-10:00am 
10 00-1 1 OOam 
11 : 00-12: OOam 
2 : 00-3 : OOpm 
3 : 00-4 : OOpm 
4 : 00-5 : OOpm 
5:00-6:00pm 
James H a r t z e l l ,  NASA Ames Research Center 
The Tra in ing  Challenge. A review of t h e  cha l lenges  t h a t  a r e  
presented  by t h e  t r a i n i n g  needs of DOD. The importance of 
cons ider ing  t r a i n i n g ,  and workload, dur ing  procurement and 
des ign  and t h e  consequences of t h e  f a i l u r e  t o  do s o  w i l l  be 
r ev i  ewed. 
Tom F i s h e r ,  Lockheed Miss i l e  and Space Corporat ion 
The Space S t a t i o n  
Charles  Gainer ,  A R I  F i e ld  Unit ,  F t .  Rucker 
The Advanced Design Hel icopter  
These two t u t o r i a l s ,  whose p r e s e n t e r s  are  ye t  t o  be 
s e l e c t e d ,  w i l l  focus  on two s p e c i f i c  systems t h a t  c u r r e n t l y  
p re sen t  important  workload and t r a i n i n g  cha l lenges .  I n  each 
case  t h e  system w i l l  be descr ibed  wi th  s p e c i a l  a t t e n t i o n  t o  
t h e  s k i l l s  i n  which t h e  o p e r a t o r s  must be t r a i n e d  and t h e  
needs f o r  workload assessment t h a t  c h a r a c t e r i z e  t h e  des ign  
of t h e s e  systems. 
Chris topher  Wickens, Un ive r s i ty  of I l l i n o i s  
The Concept of Workload 
Nev i l l e  Moray, Un ive r s i ty  of Toronto 
The Measurement of Workload 
Sandy Hart, NASA Ames Research Center  
P r e d i c t i o n  of Workload 
Three t u t o r i a l s  w i l l  p r e sen t  an overview of t h e  s t a t e  of t h e  
a r t  i n  Workload Assessment. Wickens w i l l  p r e sen t  a theo- 
r e t i c a l  a n a l y s i s  of t h e  concept.  Moray w i l l  be asked t o  
review d i f f e r e n t  a s p e c t s  of Workload Assessment and Hart  
w i l l  cons ider  methods f o r  p r e d i c t i n g ,  i n  advance, t h e  
workload t h a t  may be a s s o c i a t e d  wi th  a t a sk .  
Meeting of Panel Chairmen, t h e  Execut ive S u i t e  
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8:OO-1l:OOpm Pos te r  Session 
This  evening se s s ion  has t r a d i t i o n a l l y  been s e t  a s i d e  t o  
a l low p a r t i c i p a n t s  t o  meet and d i s c u s s  r e c e n t  d a t a  from each 
other 's  l a b o r a t o r i e s .  A room i s  s e t  a s i d e  i n  t h e  h o t e l ,  and 
p a r t i c i p a n t s  bring i n  whatever d a t a  they  would l i k e  t o  
review on an informal b a s i s  w i th  col leagues.  
Tuesday, J an  7 ,  1986 
9:OO-lO:OOam 
10:00-11:00am 
ll:00-12:00am 
2 : OOpm 
James Staszewski, Carnegie Mellon 
S k i l l e d  Memory 
Daniel  Gopher, The Technion, Ha i f a  
Task Analysis  
Walter Schneider, Un ive r s i ty  of P i t t s b u r g h  
The Mechanics of T ra in ing  
These t h r e e  t u t o r i a l s  w i l l  review c u r r e n t  p rogres s  i n  t h e  
area of t r a i n i n g  and t a s k  a n a l y s i s .  The f i r s t  t u t o r i a l  w i l l  
review t h e  t h e o r e t i c a l ,  and p r a c t i c a l ,  s t a t u s  of t h e  concept 
of s k i l l ,  s o  tha t  i t  can s e r v e  as a b a s i s  f o r  d i s c u s s i o n s  of 
s k i l l  acqu i s i t i on .  This  w i l l  be followed by a review of t h e  
methods used f o r  t a s k  a n a l y s i s  i n  d i f f e r e n t  domains. The 
f i n a l  t u t o r i a l  w i l l  p r e sen t  a t h e o r e t i c a l  a n a l y s i s  of t h e  
t r a i n i n g  environment and t h e  p rocesses  t h a t  a r e  l i k e l y  t o  
p l ay  a r o l e  i n  t r a i n i n g .  
Meeting breaks i n t o  fou r  Panels.  The Panels  a r e  scheduled 
t o  meet u n t i l  the evening of Wednesday, January 8,  1986. 
Panel p r e s e n t a t i o n s  are then  made t o  t h e  e n t i r e  group 
according t o  the fo l lowing  schedule.  
Wednesday, J an  8,  1986 
Panel Meetings a l l  day 
Thursday, J an  9,  1986 
9:00-12:00am Panel I: Measurement and P r e d i c t i o n  Problems i n  Tra in ing  
and Workload 
This  panel  w i l l  review t h e  measurement of workload and t h e  
assessment of t r a i n i n g  outcomes. It w i l l  cons ide r  t h e  
degree t o  which t h e  measurement of t r a i n i n g  should 
i n c o r p o r a t e  measures of workload. The measurements of 
workload include an assessment of p r o f i c i e n c y  and t r a i n i n g  
achievement. The e x t e n t  t o  which a s y n t h e s i s  between 
measurement procedures is  p o s s i b l e  and d e s i r a b l e  w i l l  be 
examined. 
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2:00-5:00pm Panel 11: The I n t e r a c t i o n  of Workload With Training 
This  panel w i l l  assess t h e  evidence t h a t  t h e  t r a i n i n g  
process  i s ,  o r  i s  n o t ,  a f f e c t e d  by t h e  l e v e l  of workload 
imposed by a task.  The panel  w i l l  review whatever i s  
a v a i l a b l e  i n  t h e  l i t e r a t u r e  on t h i s  t op ic .  It w i l l  a l s o  
examine t h e  degree t o  which t h e o r e t i c a l  accounts of S k i l l  
Acqu i s i t i on  and of Workload p r e d i c t  t h e  i n t e r a c t i o n  between 
t h e  two. Impl i ca t ions  f o r  f u r t h e r  r e sea rch  w i l l  be 
examined. 
This panel w i l l  a l s o  consider  t h e  e f f e c t  t h a t  t r a i n i n g  has 
on workload. Of importance are such ques t ions  a s  t h e  deg ree  
t o  which t h e  workload a s s o c i a t e d  wi th  a t a s k  can be pre- 
d i c t e d  from t h e  l e v e l  of mastery a t r a i n e e  has reached. 
Indeed i t  would be important f o r  t h i s  panel t o  examine t h e  
e x t e n t  t o  which a t r a i n i n g - f r e e  concept of workload i s  
poss ib l e .  An important aspect of t h e  panel's work w i l l  be 
t o  examine t h e  e x t e n t  t o  which m u l t i p l e  r e source  models of 
workload imply a resource s p e c i f i c  i n t e r a c t i o n  between 
t r a i n i n g  and workload. 
Friday. J an  10. 1986 
8:30-l1:3Oam Panel 111: The E f f e c t  of T ra in ing  on Workload 
Embedded t r a i n i n g  w i l l  r e c e i v e  s p e c i a l  emphasis i n  t h i s  
workshop. It i s  a p a r t i c u l a r l y  u s e f u l  area i n  which t o  
examine t h e  i n t e r a c t i o n  of workload and t r a i n i n g ,  because i t  
assumes t h a t  t h e  t r a i n e e  a c q u i r e s  s k i l l s  du r ing  t h e  a c t u a l  
performance of t h e  task.  Thus, workload may be a t  i t s  peak 
wh i l e  embedded t r a i n i n g  i s  t o  have i t s  e f f e c t .  The panel  
w i l l  examine t h e  classes of embedded t r a i n i n g  c u r r e n t l y  i n  
implementation, and t h o s e  t h a t  come i n  planning. The panel 
w i l l  consider  t h e  need f o r  and t h e  measures whereby workload 
assessment need be included i n  t h e  design of embedded 
t r a i n i n g .  
1 : 30-4 : 30pn Panel I V :  Imp l i ca t ions  f o r  System Design 
This  panel w i l l  work wi th  t h e  assumption t h a t  a l l  o t h e r  
pane l s  w i l l  have resolved t h e  t h e o r e t i c a l  and p r a c t i c a l  
issues a s s o c i a t e d  wi th  t h e  i n t e r a c t i o n  between workload and 
t r a i n i n g .  
t h e o r e t i c a l  d i s c u s s i o n s  of t h e  Workshop w i t h i n  t h e  context  
of t h e  des igne r  of t r a i n i n g  systems and of nan-machine 
systems. I n  p a r t i c u l a r ,  t h e  pane l  w i l l  be asked t o  develop 
g u i d e l i n e s  f o r  a system des ign  p rocess  t h a t  w i l l  t a k e  i n t o  
c o n s i d e r a t i o n  both workload and t r a i n i n g  cons ide ra t ions .  
It w i l l  be t h i s  panel's t a s k  t o  p l ace  t h e  
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Charge t o  t h e  Panels  
Emanuel Donchin 
Un ive r s i ty  of I l l i n o i s ,  Urbana-Champaign 
I. I n t r o d u c t i o n  
Following a r e  t e n t a t i v e  d e s c r i p t i o n s  of t h e  assignments f o r  t h e  f o u r  
panels.  As I s a i d  on t h e  previous seven occasions,  I am n e i t h e r  na ive  nor 
presumptuous enough t o  assume t h a t  t h i s  group of strong-willed i n d i v i d u a l s  
w i l l ,  o r  should,  fo l low my d i r e c t i v e s .  The assignments a r e  but gene ra l  guide- 
l i n e s  t h a t  i d e n t i f y  a focus f o r  t h e  groups’ d i scuss ions .  I hope t h e  groups 
w i l l  f e e l  f r e e  t o  d i v e r g e  from these  g u i d e l i n e s  wherever t h e  d i s c u s s i o n  l eads .  
The t imes a l l o t t e d  f o r  pane l  meetings a r e  t h e  a f t e rnoon  of Tuesday, 
January 7 . and  Wednesday, January 8 .  Rooms w i l l  be set  a s i d e  f o r  t h e  purpose. 
The p a n e l i s t s ,  however, are i n  con t ro l  of t h e  schedule  and can meet a t  any 
o t h e r  time. I f  t h e  need arises l e t  m e ,  o r  Barbara Hartman, know and w e  s h a l l  
a r r a n g e  f o r  rooms a t  o t h e r  than t h e  scheduled times. I n  t h e  p a s t  some panels  
have b e n e f i t t e d  from correspondence p r i o r  t o  t h e  workshop. 
t h i s  announcement and t h e  a c t u a l  meeting is  s h o r t .  However, t h e  panel  
coord ina to r s  may wish t o  t a k e  action. 
The t i m e  between 
The panel  coord ina to r s ,  whose names a r e  underl ined i n  t h e  pane l  member- 
s h i p  l i s t s  w i l l  c h a i r  t h e  panel meetings and t h e  s e s s i o n  of t h e  workshop a t  
which t h e i r  panel’s r e p o r t  w i l l  be presented. An important r u l e  of t h e s e  
conferences has  been t h a t  p a r t i c i p a n t s  accep t  t h e i r  panel  assignment. While 
i t  is i n e v i t a b l e  t h a t  some may f i n d  ano the r  panel  more i n t e r e s t i n g ,  we have t o  
a b i d e  by t h e  p re sen t  assignment. 
complex, as it has t o  s a t i s f y  many design c r i t e r i a ,  and i t  would be very d i f -  
f i c u l t  t o  make any changes without s u b s t a n t i a l  d i s rup t ion .  
The arrangement of t h e  pane l s  i s  q u i t e  
The o r g a n i z a t i o n  of t h e  panels t h i s  t i m e  has proven somewhat d i f f i c u l t  as 
t h e r e  i s  cons ide rab le  ove r l ap  between t h e  t o p i c s  of t h e  v a r i o u s  panels.  I n  
g e n e r a l ,  we see Panel I as consider ing t h e  measurement problems a s s o c i a t e d  
wi th  Workload Assessment and wi th  t h e  des ign  of t r a i n i n g  systems. 
fol lowing two panels  examine i n  some d e t a i l  t h e  i n t e r a c t i o n  between Workload 
and Tra in ing ;  one panel focusing on Workload and t h e  o t h e r  on Training.  
F i n a l l y ,  t h e  f o u r t h  panel w i l l  examine t h e  p r a c t i c a l  i m p l i c a t i o n s  of t h i s  
d i s c u s s i o n  wi th  p a r t i c u l a r  emphasis on System Design. 
The 
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Panel I: Measurement and P r e d i c t i o n  Problems i n  T ra in ing  and Workload 
Donchin, Gabr i e l ,  Kantowitz,  Sanderson, Staszewski ,  Tsang 
This  panel  i s  asked t o  review t h e  procedures  c u r r e n t l y  i n  use f o r  t h e  measure- 
ment of workload and f o r  t h e  assessment of t r a i n i n g .  This  i s  a t a l l  o r d e r  a s  
i n  both domains t h e r e  is a v a s t  l i t e r a t u r e ,  numerous techniques ,  and a hos t  of 
con t rove r s i e s .  Never the less ,  i t  is  necessary  f o r  t h e  subsequent d i scuss ions  
i n  t h e  workshop t h a t  we examine, a t  t h e  o u t s e t ,  t h e  procedures  t h a t  a r e  being 
used f o r  t h e  q u a n t i f i c a t i o n  of Workload and of Training.  
The panel  is  not expected t o  prepare  an exhaus t ive  review of a l l  measurement 
procedures proposed, or t r i e d ,  i n  t h e s e  two domains. Rather ,  t h e  panel  i s  
asked t o  develop g u i d e l i n e s  f o r  t h e  eva lua t ion  of measurement techniques.  
Indeed, i t  w i l l  be a very  u s e f u l  outcome of t h e  panel’s d e l i b e r a t i o n s  i f  i t  
can i d e n t i f y  c r i t e r i a  f o r  t h e  eva lua t ion  of assessment techniques ,  c r i t e r i a  
t h a t  a r e  independent of t h e  f e a t u r e s  of any s p e c i f i c  measurement approach. 
The fo l lowing  quest ions may be addressed i n  a r e l a t i v e l y  gene ra l  mode: 
To what ex ten t  i s  a measurement technique  dependent on an  e x p l i c i t  
d e f i n i t i o n  of Workload ( o r  T ra in ing ) ,  and t o  what ex ten t  i s  t h e  
d e f i n i t i o n  used c o n s i s t e n t l y ?  I n  o t h e r  words, what a r e  t h e  v a l i d i t y  
c r i t e r i a  f o r  t h e  measurement process? How c o n s i s t e n t  i s  t h e  appl ica-  
t i o n  of t h e s e  v a l i d i t y  c r i t e r i a ?  
I f  t he re  is  no e x p l i c i t  d e f i n i t i o n  of v a l i d i t y  c r i t e r i a ,  what, i f  any, 
a r e  the  i m p l i c i t  c r i t e r i a  and how w e l l  a re  they  app l i ed?  
What, if anyth ing ,  is t h e  i n t e r a c t i o n  between t h e  d e f i n i t i o n  of t h e  
concepts and t h e  measurement procedures? 
What other  assumptions a r e  implied by t h e  measurement procedure? What 
i s  t h e  empir ica l  suppor t  f o r  t h e s e  assumptions? When empir ica l  
support  i s  l ack ing ,  how p l a u s i b l e  a r e  t h e  assumptions? 
What a re  t h e  consequences t o  t h e  measurement process ,  i t s  v a l i d i t y ,  
and i t s  r e l i a b i l i t y ,  of a v i o l a t i o n  of t h e  assumptions? 
How do var ious  a t t r i b u t e s  of t h e  measurement process  i n t e r a c t  wi th  
subsequent u s e  of t h e  measures? Do t h e  measurement a t t r i b u t e s  impose 
c o n s t r a i n t s  on t h e  s t a t i s t i c a l  a n a l y s i s  of t h e  d a t a  and on t h e  
i n t e r p r e t a t i o n s  t h a t  can be made of t h e  outcome of t h e  ana lyses?  
What can be  s a i d  about t h e  inhe ren t  r e l i a b i l i t y  of t h e  methods of 
measurement? 
What a re  t h e  proper  domains of a p p l i c a t i o n  of t h e  measures? It is  
poss ib le  to  imagine s u b s t a n t i a l  d i f f e r e n c e  i n  t h e  measurement g o a l s  
when one is t r y i n g  t o  c h a r a c t e r i z e  group d i f f e r e n c e s ,  and t h e  goa l s  
when one is i n  need of a s s e s s i n g  t h e  performance of an  i n d i v i d u a l  i n  
s p e c i f i c  c i rcumstances? 
. and r e l a t ed  ques t ions ,  may be somewhat more con ten t ious  when appl ied  t o  
t h e  measurement of Workload than  t o  Training.  
concept of Workload i s  a mat te r  f o r  much debate .  The panel  w i l l ,  no doubt,  
The very  d e f i n i t i o n  of t h e  
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g i v e  a t t e n t i o n  t o  a comparative assessment of s u b j e c t i v e  r a t i n g s ,  ove r t  per- 
formance measures and psychophysiological methods f o r  a s s e s s i n g  Workload. 
While we c e r t a i n l y  do not  expect t h i s  pane l  t o  r e so lve  t h e s e  thorny issues ,  
t h e  panel  w i l l  s e r v e  t h e  rest of workshop w e l l  i f  i t  does i d e n t i f y  t h e  key 
choices  t h a t  need be made when adopting a method of measurement. 
With r e spec t  t o  Tra in ing ,  ma t t e r s  a r e  decep t ive ly  simple.  I f  an ope ra to r  i s  
t r a i n e d  t o  perform a t a s k ,  we can, i t  would seem, j u s t  measure t h e  performance 
l e v e l  as an index of t r a i n i n g .  
l e a r n i n g  curve." Yet we are ,  i n  genera l ,  i n t e r e s t e d  i n  p r e d i c t i n g  how w e l l  
t h e  t r a i n e e  w i l l  perform over  time, and i n  s t r e s s f u l  c i rcumstances.  We would 
l i k e  t o  know how f l e x i b l y  t h e  mater ia l  has been incorpora ted  i n t o  t h e  
t r a inees '  mental model. 
and how many bad h a b i t s  had been acquired i n  t h e  course  of t r a i n i n g .  
t h e s e  very c r i t i c a l  ques t ions  cannot be answered i n  a s imple  and d i r e c t  manner 
by us ing  observa t ions  on observed task performance. We hope t h e  panel  w i l l  
a t t e n d  t o  t h e s e  i s s u e s  as w e l l .  
This ,  a f t e r  a l l ,  is  t h e  purpose of t h e  
I t  
We need t o  know how o f t e n  r e t r a i n i n g  w i l l  be needed 
Many of 
Panel 11: The Effect of Workload on Training 
Bennet t ,  Coles,  Detweiler,  E l l i s ,  Gopher, H a r t z e l l ,  S t rub ,  Vidul ich 
This  pane l ,  and t h e  one fo l lowing ,  w i l l  conf ront  t h e  c o r e  i s s u e  of t h i s  
conference.  Both panels  w i l l  consider t h e  i n t e r a c t i o n  between Workload and 
Tra in ing .  However, we ask each of these  pane ls  t o  focus  i ts  a t t e n t i o n  on a 
d i f f e r e n t  d i r e c t i o n  i n  t h e  r e l a t ionsh ip .  The p resen t  pane l  i s  asked t o  review 
t h e  degree  t o  which t h e  des ign  of t r a i n i n g  programs should cons ider  t h e  
Workload inhe ren t  i n  t h e  t a r g e t  t a s k .  We are d i s t i n g u i s h i n g  i n  t h i s  contex t  
between t a s k  " d i f f i c u l t y "  and t h e  workload a s s o c i a t e d  wi th  t h e  task .  
who is  e n t i r e l y  unversed i n  a t a s k ,  a rank novice,  does no t  n e c e s s a r i l y  
o p e r a t e  a t  a high workload because the t a s k ,  even when e n t i r e l y  un fami l i a r ,  
does n o t  n e c e s s a r i l y  overload t h e  person's resources .  Other t a s k s  do p resen t  
a s eve re  workload when unfami l i a r ,  and as t r a i n i n g  proceeds t h e  workload may 
e i t h e r  diminish or remain s t a b l e .  This pane l  i s  asked t o  examine what i s  
known about t h e  e f f e c t s  of workload on t r a i n i n g ,  as wel l  a s  what i s  known 
about workload and t r a i n i n g ,  and consider t h e  degree t o  which knowledge 
regard ing  workload should a f f e c t  the des ign  of a t r a i n i n g  regime. Examples of 
ques t ions  we address  t o  t h i s  panel  are:  
A person 
- Can t h e  assessment of workload a s s o c i a t e d  wi th  a t a s k  be done 
s e p a r a t e l y  from t h e  assessment of t h e  performance on t h e  t a s k ?  
- How should t r a i n i n g  change as a f u n c t i o n  of i n c r e a s e s ,  or decreases ,  
of t h e  workload a s soc ia t ed  with a t a s k ?  
- Assuming t h a t  p r a c t i c e  is a mean f o r  main ta in ing  t h e  a b i l i t y  t o  
perform a t a s k ,  how should practice be s t r u c t u r e d  t o  t a k e  i n t o  account 
t h e  d i f f e r i n g  l e v e l  of t a s k  workload? 
- Workload may be def ined  as the  i n t e r a c t i o n  between t a s k  demands, 
def ined  o b j e c t i v e l y ,  and the resources  a v a i l a b l e  t o  t h e  ope ra to r  f o r  
deploying i n  t h e  s e r v i c e  of t h e  task .  I f  t h i s  i s  t h e  case, then 
i n d i v i d u a l  d i f f e r e n c e s  i n  operator  capac i ty  determine t h e  a c t u a l  
workload a s soc ia t ed  wi th  the task.  To what ex ten t  do w e  need t o  t a k e  
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such ind iv idua l  d i f f e r e n c e s  i n t o  account when des igning  t r a i n i n g  
programs ? 
- Should workload measurement become a r o u t i n e  component of a well-  
designed t r a i n i n g  program? And, i f  so,  how should such measurement be 
a f f ec t ed?  
Panel  111: The Effect of Training on Workload 
Folley,  Gainer ,  Hart, Hul l ,  Kesse l ,  Kramer, Schneider ,  Shively 
This  panel  w i l l  examine t h e  i n t e r a c t i o n  between workload and t r a i n i n g  wi th  a 
s p e c i a l  emphasis on t h e  e f f e c t  t h a t  t r a i n i n g  may have on workload. I n  a s ense  
i t  is  t h e  goa l  of r e sea rch  on both t r a i n i n g  and workload t o  b r ing  about a 
r educ t ion  i n  the workload a s soc ia t ed  wi th  performance as we l l  as t o  reduce t h e  
amount of t r a i n i n g  t h a t  i s  requi red  t o  achieve  a given l e v e l  of performance. 
A s  t r a i n i n g  proceeds t h e  same l e v e l  of performance can be achieved wi th  a 
lower investment of t h e  operator 's  resources  and, by d e f i n i t i o n ,  t h e  task's  
workload i s  diminished. 
r e f e r e n c e  t o  the degree t o  which i t  l e a d s  t o  a reduct ion  i n  workload. It i s  
t o  t h i s  a spec t  of t r a i n i n g  t h a t  w e  ask t h i s  panel  t o  pay i t s  a t t e n t i o n .  The 
c l a s s  of quest ions addressed by t h i s  pane l  can be i l l u s t r a t e d  by t h e  fo l lowing  
ques t  i ons  : 
The q u a l i t y  of a t r a i n i n g  regime can be assessed  wi th  
- What i s  t h e  r e l a t i o n  between improved performance on a t a s k  and t h e  
reduct ion i n  i t s  workload? 
without a r e l a t e d  r educ t ion  i n  workload? 
Can performance improve i n  i t s  q u a l i t y  
- Should workload r educ t ion  be recognized as a g o a l  of t r a i n i n g  programs 
t h a t  i s  d i s t i n c t  from performance enhancement? 
- I f  performance and workload a r e  d i s s o c i a t e d ,  a re  t h e r e  ways t o  des ign  
t r a i n i n g  programs s o  t h a t  workload r educ t ion  w i l l  be achieved 
concurrent ly  wi th  t h e  improved performance? 
- Are there  a s p e c t s  of t r a i n i n g  t h a t  a f f e c t  workload which a r e  not  
d i r e c t l y  r e l a t e d  t o  l e v e l  of performance? For example, one may 
conceive of t h e  ope ra to r  acqu i r ing  s k i l l s  t h a t  enhance h i s  o r  h e r  
a b i l i t y  t o  manage i n t e r n a l  resources  so t h a t  t h e  c o s t  i n  resources  
dec l ines  with t r a i n i n g .  
provided f o r ?  
How can such a s p e c t s  be i d e n t i f i e d  and 
- A s  workload is  a mul t i f ace t ed  phenomenon and as d i f f e r e n t  methods of 
measurement focus on d i f f e r e n t  a s p e c t s  of workload, would t h e  answer 
t o  t h e  above ques t ions  vary  wi th  t h e  a s p e c t  of workload t h a t  i s  being 
assessed i n  d i f f e r e n t  c i rcumstances? 
One o t h e r  c l a s s  of i s s u e s  t h i s  panel  can address  a r e  those  r e l a t e d  t o  
"embedded training." 
whi le  i n  a c t u a l  performance of t h e  task .  
u s e f u l  a r e a  i n  which t o  examine t h e  i n t e r a c t i o n  of workload and t r a i n i n g ,  
because i t  assumes t h a t  t h e  t r a i n e e  acqu i r e s  s k i l l s  dur ing  t h e  a c t u a l  
performance of the task.  
t r a i n i n g  i s  t o  have i t s  e f f e c t .  The panel  w i l l  examine t h e  c l a s s e s  of 
This  l a b e l  r e f e r s  t o  t r a i n i n g  t h a t  t h e  ope ra to r  achieves  
Embedded t r a i n i n g  i s  a p a r t i c u l a r l y  
Thus, workload may be a t  i t s  peak wh i l e  embedded 
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embedded t r a i n i n g  c u r r e n t l y  i n  implementation and those  t h a t  a r e  i n  planning.  
The panel  w i l l  cons ider  t h e  need f o r  and t h e  measures whereby workload 
assessment need be included i n  t h e  design of embedded t r a i n i n g .  
Panel I V :  Imp l i ca t ions  for System Design 
Bat t i s te ,  Cosby, Eggemeier, F i she r ,  Heff ley ,  -, Mane Moray, T o l l i s o n ,  
W i  c kens 
The previous  t h r e e  pane ls  are asked t o  examine t h e  workload a s s o c i a t e d  wi th  
t a s k s  and t h e  des ign  t r a i n i n g  programs f o r  t h e  purpose of acqu i r ing  t h e  
a b i l i t y  t o  perform a task.  
t h e  d i s c u s s i o n  of t h e s e  t h r e e  panels. However, t a s k s  a r e  i n  t h e  main designed 
by people  so t h a t  o t h e r  people  can work t o  s a t i s f y  t h e  needs of y e t  another  
group of people. I n  o t h e r  words, engineers des ign  t a s k s  s o  o p e r a t o r s  can 
s a t i s f y  management's goa ls .  Once a t a s k  is designed and t h e  ope ra to r s  a r e  
chosen, t h e  system must a s s u r e  t h a t  t h e  o p e r a t o r s  a r e  t r a i n e d  t o  perform t h e  
t a s k  and t h a t  t h e  workload it presents  i s  not  beyond t h e i r  c a p a c i t i e s .  What 
is  a l l  t oo  o f t e n  f o r g o t t e n  is t h a t ,  i n  most ca ses ,  t h e  time t o  minimize t h e  
workload a s s o c i a t e d  wi th  a t a s k  and t h e  t i m e  t o  opt imize t h e  t r a i n a b i l i t y  of 
t h e  t a s k  i s  a t  t h e  time t h e  t a s k  i s  on i t s  des igne r s  d r a f t i n g  t a b l e .  
The concept of "task" appeared a s  a p r i m i t i v e  i n  
This  pane l  is asked t o  cons ider  t h e  manner i n  which t h e  p r i n c i p l e s  and t h e  
d a t a  d iscussed  by t h e  o t h e r  t h r e e  panels need be taken  i n t o  cons ide ra t ion  when 
a c t u a l  t a s k s  a r e  being designed f o r  use  by r e a l  ope ra to r s  i n  f u n c t i o n a l  
systems. What, i f  anything,  should a des igne r  do t o  a s s u r e  t h a t  workload i s  
minimal? How should what we know about t h e  way people can be  t r a i n e d  a f f e c t  
t h e  way w e  des ign  systems? 
assessment of workload and t h e  design of t r a i n i n g  programs? 
I n  what way can t h e  des ign  process  inco rpora t e  t h e  
An important  i s s u e  t h a t  is  embedded wi th in  t h i s  panel's domain is  t h e  complex 
of problems a s soc ia t ed  wi th  t h e  d e s c r i p t i o n  and a n a l y s i s  of tasks .  
des igne r  i d e n t i f y ,  i n  an a n a l y t i c  manner, t h e  s k i l l s  t h a t  w i l l  be requi red  f o r  
t h e  performance of a task?  
What methods are a v a i l a b l e  f o r  t a s k  a n a l y s i s  and which method works b e s t  i n  
which s e t t i n g ?  
Can a 
Is i t  poss ib le  t o  p r e d i c t  workload a n a l y t i c a l l y ?  
The panel  is, of course,  i n  somewhat of a quandary as i t  must begin i t s  
d e l i b e r a t i o n s  before  t h e  o t h e r  panels have r epor t ed  t h e i r  conclusions.  Yet 
t h e  panel  can no doubt p r e d i c t  t h e  d r i f t  of t h e  d iscuss ion .  Furthermore, t h e  
pane l ,  being t h e  l a s t  t o  r e p o r t ,  w i l l  have t h e  advantage of having t h e  l a s t  
word. We hope t h a t  t h e  panel  can review f o r  t h e  workshop t h e  i n t e r a c t i o n s  
between workload and t r a i n i n g  a s  they appear  from t h e  p e r s p e c t i v e  of t h e  needs 
t o  des ign  " rea l"  systems. 
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Remarks of P a r t i c i p a n t s  i n  Carmel V I 1 1  
- -  Note: The remarks a re  e s s e n t i a l l y  presented i n  t h e i r  e n t i r e t y .  Minor e d i t i n g  
was made t o  remove extraneous m a t e r i a l  and t o  e l i m i n a t e  personal  responses.  
A l l  r e f e rences  t o  i n d i v i d u a l s  have been changed s o  t h a t  t h e  person’s f u l l  name 
appears  i n  t h e  t e x t .  
Lloyd Neale Cosby, Pe rcep t ron ic s ,  Ar l ing ton ,  VA 
Thanks again f o r  a most in format ive  workshop. It was a h ighly  product ive  
week f o r  me.  From my viewpoint ,  t h e  agenda c u t  t o  t h e  h e a r t  of t h e  r o o t  
i s s u e s  of m i l i t a r y  t r a i n i n g .  
My conclusions are t h e  same as t h e  f i n a l  hour of t h e  workshop; namely, we 
have a l o t  more t o  o f f e r  than w e  are  prepared t o  admit on i n d i v i d u a l  t r a i n i n g  
and workload, but need t o  do a l o t  of work on t h e  c o l l e c t i v e  s ide .  I t r i e d  t o  
v i s u a l i z e  t h i s  point  by showing Chris  Wickens’ c h a r t  and Kei th  Fender’s c h a r t  
i n  my summary, i .e. ,  t h e  m i l i t a r y  requirement and academic s t a t u s  of where we 
a r e  today. 
Kei th  Fender,  Defense Chief of S ta f f  f o r  Personnel ,  Washington, DC 
The workshop was u s e f u l  from a number of p o i n t s  of view, a l l  of which a r e  
t h e  b a s i s  f o r  next year  f o r  f u r t h e r  e x p l o i t a t i o n .  The government was a b l e  t o  
exp la in  t h e i r  pos i t i on  a s  t h e  u l t i m a t e  consumer, s p e c i f i c a l l y  address ing  what 
dec i s ions  needed t o  be made and what t o o l s  are needed to suppor t  t h o s e  deci-  
s ions .  The government a l s o  had an oppor tuni ty  t o  view t h e  wares of b a s i c  
research  p ro jec t s  t o  b e t t e r  judge  t h e i r  value.  
Indus t ry  exercised t h e i r  r o l e  of being between f u r n i s h i n g  a product t o  
t h e  government and apply ing  t o o l s  developed from b a s i c  r e sea rch  e f f o r t s .  The 
research  community b e n e f i t t e d  from exposure t o  t h e  p r o b l e m  of government and 
indus t ry  who a r e  underwri t ing b a s i c  research’s work (more o r  less). 
a l s o  an obvious b e n e f i t  from p resen t ing  papers  and t h e  exchange of i d e a s  t h a t  
I w i l l  no t  d i scuss ,  as o t h e r s  a r e  more q u a l i f i e d .  
There was 
There i s  a need f o r  government t o  a r t i c u l a t e  where r e s e a r c h  needs t o  be 
done and then  ensure a s t a b l e  funding base f o r  t h a t  e f f o r t .  It is  clear t h a t  
d e s p i t e  t h e  l ack  of a un ive r sa l  theory of workload, u s e f u l  t o o l s  are being 
c rea t ed  t o  measure c o g n i t i v e  workload. Fu r the r ,  t h e r e  is  e x c i t i n g  work being 
done i n  b a s i c  areas  t h a t  can p o t e n t i a l l y  s p i n  o f f  app l i ed  p r o j e c t s .  
John D. Fol l ey ,  Jr., Applied Science Assoc ia tes ,  Inc . ,  Bu t l e r ,  PA 
1. Systems a r e  s t i l l  designed and b u i l t  wi thout  adequate  human f a c t o r s  
engineering--despite t h e  s p e c i f i c a t i o n s  and r e g u l a t i o n s  r equ i r ing  i t .  
2. Workload r e s u l t s  from t h e  way t h e  system i s  designed--the i n p u t s  t o  
t h e  opera tor ,  t h e  ou tpu t s  r equ i r ed  of t h e  o p e r a t o r ,  and t h e  implied 
cogni t ive  processes  between. 
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3. The po in t  has probably been reached i n  some systems where t r a i n i n g ,  
no matter how ex tens ive  or expensive, cannot produce o p e r a t o r s  of 
s u f f i c i e n t  s k i l l ;  t h e  t a s k  demands are beyond t h e  c a p a b i l i t y  of t h e  
a v a i l a b l e  populat ion o r  perhaps beyond t h e  c a p a b i l i t y  of anyone. 
4.  Some u n i v e r s i t y  research  is d e f i n i t e l y  d i r e c t l y  a p p l i c a b l e  t o  so- 
c a l l e d  "real-world" problems. I t h i n k  of two i n  p a r t i c u l a r :  
a. Danny Gopher's work with t h e  "space f o r t r e s s "  task.  
b. Walter Schneider's work on t roubleshoot ing .  
The f e a t u r e  t h a t  makes research  work a p p l i c a b l e  t o  real-world t a s k s  is  
t h a t  they are complex enough and a given experimental  s u b j e c t  works a t  t h e  
t a s k  f o r  a r e a l i s t i c  per iod  of t i m e .  
5. I n  c o n t r a s t ,  some of t h e  research has l i t t l e  a p p l i c a b i l i t y .  I th ink  
of t h e  r e p o r t  on "massed VS. d i s t r i b u t e d "  p r a c t i c e  on a p u r s u i t  
r o t o r ,  wi th  t r i a l s  and i n t e r v a l s  measured i n  seconds. 
6 .  The conference was very worthwhile i n  my opinion,  
have been f u r t h e r  enhanced, I be l i eve ,  by a f i n a l  p lenary  s e s s i o n  a t  
t h e  end, t h e  purpose of which would have been t o  reach  a consensus on 
some conclusions and on some guidance f o r  r e s e a r c h e r s ,  f o r  t hose  who 
use t h e  r e s u l t s  of t h e  research,  and f o r  t hose  who p lan  s imilar  
f u t u r e  conferences.  
I ts  va lue  could 
Richard F. Gabr i e l ,  Douglas A i r  Craf t  Company, Long Beach, CA 
I n  response t o  your reques t  concerning a b r i e f  personal  summary and 
conclus ions  regard ing  t h e  Workload and Tra in ing  Workshop he ld  i n  Carmel i n  
January 1986, t h e  fo l lowing  i s  offered. 
Personal  Impact. I n  g e n e r a l ,  I thought t h e  week's workshop had a d i r e c t  
impact on m e ,  s p e c i f i c a l l y :  
- Severa l  u s e f u l  d i scuss ions  on t h e  need-role of theory even i n  an 
app l i ed  a c t i v i t y .  
- Bringing m e  a t  l eas t  p a r t i a l l y  up t o  d a t e  i n  some of t h e  more r ecen t  
t r a i n i n g  research .  
- A u s e f u l  review of c u r r e n t  mental workload assessment r e sea rch  
approaches. 
- I gained new i n s i g h t s  i n t o  the r e l a t i o n s h i p  between t r a i n i n g  and 
workload. 
- F r u i t f u l  informal  exchanges wi th  a u t h o r i t i e s  i n  t h e s e  f i e l d s  and 
personal  con tac t  t h a t  w i l l  make informat ion  exchanges more product ive  
i n  t h e  fu tu re .  
Group Impact. Judging by t h e  comments of o t h e r s  a t  t h e  workshop wi th  
whom I conversed, I would o f f e r  t he  fo l lowing  gene ra l  observa t ions :  
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- The group,  s p e c i f i c a l l y  t h o s e  from academe and NASA, gained an 
improved understanding of t h e  needs f o r  measurement by government and 
industry.  
- The e n t i r e  group, through panel  IV ' s  e f f o r t s ,  gained i n s i g h t  i n t o  
government and industry 's  problems i n  t h e  a c q u i s i t i o n  process .  
- There was use fu l  o rgan iza t ion  provided by ind iv idua l  speakers  of a 
number of r e l evan t  t o p i c s  such as types  of man-machine models, types  
of v a l i d i t y  c h a r a c t e r i s t i c  of each of t h e  workload measures, e t c .  
- A b e t t e r  understanding of how government, academia, and i n d u s t r y  might 
more product ively pool t h e i r  e f f o r t s .  
I n  conclusion,  I s i n c e r e l y  b e l i e v e  t h e  workshop w a s  a success .  I have 
b r i e f e d  s e v e r a l  of my s t a f f  here  a t  Douglas A i r c r a f t  on t h e  a c t i v i t i e s ,  and 
have had a p o s i t i v e  r e a c t i o n  from them regard ing  t h e  format and con ten t  of t h e  
meeting . 
Daniel Gopher, I s r a e l  I n s t i t u t e  of Technology, The Technion, Hai fa ,  I s r a e l  
Assessment of ope ra to r  workload and t h e  development of t r a i n i n g  schedules  
f o r  complex tasks  are two key problems of concern t o  contemporary Human 
Fac to r s  Engineering. While t h e  two are  b a s i c a l l y  s e p a r a t e ,  t h e r e  a r e  
important areas of over lap  between them t h a t  should be brought forward and 
evaluated.  The Carmel meeting was one of t h e  f i r s t  of i t s  kind i n  being 
devoted t o  t h e  overlap between t h e  top ic s .  It was a l s o  somewhat unique i n  i t s  
assembly of p a r t i c i p a n t s  t h a t  included a mixture  of academic r e s e a r c h e r s  and 
f i e l d  p ro fes s iona l s  from i n d u s t r y  and government o p e r a t i o n a l  s e t t i n g s .  The 
combination of people and t h e  s e l e c t i o n  of t o p i c  proved t o  be f r u i t f u l  i n  
genera t ing  d i f f e r e n t  angles  of view and novel ideas .  
The genera l  c la im t h a t  proper  t r a i n i n g  can act  t o  improve performance i n  
high workload tasks  was unanimously accepted. Moreover, a l a r g e  c o r e  of 
experimental  evidence w a s  c i t e d  by va r ious  p a r t i c i p a n t s  t o  show t h a t  t h e  ga in  
i n  a few hours of t r a i n i n g  may be s u b s t a n t i a l .  Two major d i r e c t i o n s  of 
t r a i n i n g  have been i d e n t i f i e d .  One type  l e a d s  t o  a r educ t ion  of t h e  o v e r a l l  
load of a t a s k ,  by automatizing a s  many as p o s s i b l e  of i t s  subelements. The 
second type  inf luences  performance by teaching  s u b j e c t s  t o  cope more e f f i -  
c i e n t l y  wi th  the demands of high workload s i t u a t i o n s ,  i n  which t h e  s t a t e  of 
high load is  permanent concomi tan t .  Procedures t o  au tomat ize  t a s k  per for -  
mance t h a t  draw upon a model of automatic  and c o n t r o l l e d  processes  were 
presented by Walter Schneider.  
c o n s i s t e n t  elements t h a t  e x i s t  i n  every complex t a s k  and t h e  t r a i n i n g  of 
s u b j e c t s  t o  perform them au tomat i ca l ly  without  c a l l i n g  upon a t t e n t i o n -  
demanding cont ro l led  opera t ions .  
They bu i ld  upon t h e  i d e n t i f i c a t i o n  of t h e  
Tra in ing  schedules f o r  e f f i c i e n t  coping w i t h  t h e  demands of t a s k s  i n  
which high workload i s  a s t eady- s t a t e  p rope r ty ,  w a s  d i scussed  by Daniel  
Gopher. Tasks i n  t h i s  ca tegory  a r e  usua l ly  complex t a s k s  such a s  a i r - to -a i r  
dog-fight,  o r  performance i n  a Command and Control  (C3) environment, when an 
exact  performance c r i t e r i o n  does not  e x i s t  and t h e  g e n e r a l  mot iva t ion  i s  t o  
excel.  Under those cond i t ions ,  un ins t ruc t ed  p r a c t i c e  tend t o  l e a d  ope ra to r s  
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t o  develop suboptimal coping s t r a t e g i e s .  The t r a i n i n g  approach proposed by 
Gopher i s  based upon a m u l t i p l e  resource model of a t t e n t i o n .  It d i r e c t s  
i n d i v i d u a l s  through p r i o r i t y  changes of components, t o  l e a r n  t h e  e f f i c i e n c y  of 
a l t e r n a t i v e  response s t r a t e g i e s ,  thereby l e a d i n g  t o  t h e  development of an 
i n d i v i d u a l i z e d ,  t a s k  optimal a r s e n a l  of performance s t r a t e g i e s  t o  cope wi th  
t a s k  demands. 
The d i s c u s s i o n  of t r a i n i n g  approaches was given a deeper meaning and a 
broader p e r s p e c t i v e  by t h e  preceding and fo l lowing  arguments on t h e  r o l e  of 
theory i n  app l i ed  work, a review of cu r ren t  t h e o r e t i c a l  models of a t t e n t i o n  
and r e sources ,  and an examination of t h e  p r e v a i l i n g  methods f o r  t a s k  a n a l y s i s .  
The g e n e r a l  t one  of academic and s c h o l a r l y  d i s c u s s i o n  was cont inuously per- 
turbed by t h e  harshness  of r e a l - l i f e  i s s u e s  i n t e r j e c t e d  by t h e  i n d u s t r y  and 
f i e l d  people. The ques t ions  were gene ra l ly  r e fe renced  t o  t h e  LHX and t h e  
Space Lab p r o j e c t s .  Most r evea l ing  i n  t h i s  regard was t h e  s imula t ion  game run 
by t h e  system design d i s c u s s i o n  panel cha i r ed  by A m i r  Mane. The d i f f i c u l t ,  
none the le s s  important ,  r o l e  of human f a c t o r s  i n  such p r o j e c t s  emerged with a l l  
i ts  c o l o r s  du r ing  t h i s  game. It became immediately evident  how l ack ing  our  
s t a t e  of knowledge is i n  t h e  area of workload and t r a i n i n g ,  compared t o  t h e  
requirements and expec ta t ions  of t h e  f i e l d .  However, it w a s  a l s o  clear t h a t  
human f a c t o r s  has a c o n t r i b u t i o n  t o  make, and t h a t  i t s  chances t o  be substan-  
t i a l  i n c r e a s e  exponen t i a l ly  t h e  earlier t h e  involvement of t h e  human f a c t o r  
spec ia l i s t  i s  i n  t h e  p r o j e c t  and t h e  c l o s e r  t h e  p r o j e c t  i s  t o  i t s  s t a r t i n g  
point .  
P e t e r  A. Hancock, Department of Safety Sciences,  Un ive r s i ty  of Southern 
C a l i f o r n i a ,  Los Angeles, CA 
Preamble. The Carmel Conference on Workload and Tra in ing  was founded 
upon t h e  assumption of t h e  p o s s i b i l i t y  of a f r u i t f u l  i n t e rchange  of informa- 
Conference was t h e  spectrum of p a r t i c i p a n t s  who r ep resen ted  t h e  concerns of 
government, i n d u s t r y ,  t e c h n i c a l  consu l t an t s  and academe. 
. t i o n  between t h e  descr ibed t o p i c  areas. An a d d i t i o n a l  dimension of t h e  
Benefi ts .  The most obvious success of t h e  Conference was i n  t h e  
a f f i r m a t i o n  of t h e  v a l i d i t y  of t h e  assumption upon which i t  w a s  p red ica t ed .  
Both t h e  t h e o r e t i c a l  and p r a c t i c a l  n e c e s s i t y  t o  l i n k  t h e  two a r e a s  of 
i n v e s t i g a t i o n  w a s  made abundantly c l e a r  i n  t h e  summary r ep resen ted  i n  t h e  
panel  r epor t s .  Several  avenues through which such i n t e g r a t i o n  might be 
achieved were addressed. The p r i n c i p a l  t h e o r e t i c  e f f o r t ,  p red ica t ed  upon 
Schneider's automatic  and con t ro l l ed  processing d i s t i n c t i o n ,  promised t o  o f f e r  
f r u i t f u l  p o s s i b i l i t i e s .  
(e.g., a t t e n t i o n a l  resource u t i l i z a t i o n  e f f i c i e n c y )  were l a r g e l y  unexplored i n  
formal meetings due t o  time r e s t r i c t i o n .  Of t h e  many s t r a t e g i c  manipulat ions 
through which t r a i n i n g  may be i n s t a n t i a t e d ,  t h e  part-whole approach r ece ived  
g r e a t e s t  a i r i n g .  However, t h e  absence of comprehensive d a t a  (wi th  t h e  
except ion of t h a t  presented f o r  t h e  space f o r t r e s s  game) prevented a thorough 
a n a l y s i s  of t h e  p o t e n t i a l  f o r  d i f f e r e n t i a t i n g  common performance "tasks" i n t o  
b e h a v i o r a l l y  meaningful subuni ts .  What f u n c t i o n a l  impact t h a t  t h e  f r a c t i o n a -  
t i o n  of whole t a s k s  e x e r t s  upon perceived workload and how subsequent t a s k  re- 
assembly a f f e c t s  performance, l ea rn ing ,  and workload became clear  n e c e s s i t i e s  
f o r  f u r t h e r  r e sea rch  e f f o r t .  
The p o t e n t i a l  u t i l i z a t i o n  of a l t e r n a t e  concepts  
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The problems a s soc ia t ed  wi th  s p e c i f i c  o p e r a t i o n a l  systems (e.g. ,  LHX) 
were d i s t i l l e d  i n  t h e  comments of many p a r t i c i p a n t s .  These r e in fo rced  t h e  
n e c e s s i t y  f o r  a comprehensive t h e o r e t i c a l  framework from which t o  e x t r a p o l a t e  
t o  i n d i v i d u a l  circumstances as championed by Kantowitz. 
s i d e r e d  as premature i n  t h a t  t h e  t h e o r e t i c a l  underpinnings of both workload 
and t r a i n i n g  ind iv idua l ly  are as y e t  uncer ta in .  However, a primary b e n e f i t  of 
t h e  Conference was i n  emphasizing p o t e n t i a l  p o i n t s  of i n t e g r a t i o n  and mutual 
i n s i g h t ,  a l b e i t  through t h e  use  of some common media t iona l  concept ( i . e . ,  i n  
t h i s  c a s e  a t t e n t i o n ) .  
This  may be con- 
Future  Direct ions.  It i s  c l e a r  t h a t  t h i s ,  hopefu l ly  inaugura l ,  meeting 
poin ted  t o  t h e  need f o r  cont inuing  interchange.  Future  e f f o r t s  n i g h t  cons ider  
a fo rma l i za t ion  of a common t h e o r e t i c  s t r u c t u r e  and a l s o  a l t e r n a t e  s t r a t e g i e s  
f o r  manipulation of workload and t r a i n i n g  (e.g., t h e  presence  o r  absence and 
form of information on knowledge of performance (KP) and knowledge of r e s u l t s  
(KR) i n  t r a i n i n g  and workload i n t e r a c t i o n .  An a l t e r n a t e  theme might cons ider  
computer-based methods t o  a i d  i n  t h e  opt imiza t ion  of t r a i n i n g  and workload 
coac t ion .  The "mix" of p a r t i c i p a n t s  is a f e a t u r e  of t h e  meeting which should 
be perserved i n  t h a t  some of t h e  most important  i n s i g h t s  came from t h e  
a p p r e c i a t i o n  of problems as perceived through t h e  eyes of o thers .  This  was 
most c l e a r l y  exemplified i n  t h e  p re sen ta t ion  of Panel I V .  
Summary. The meeting confirmed t h e  n e c e s s i t y  f o r  i n t e r a c t i o n  between 
i n t e r e s t s  i n  Workload and Tra in ing  and emphasized t h e  need f o r  cont inued 
formal  interchange of ideas and i n s i g h t s .  
Earle Heff ley ,  Department of Psychology, Un ive r s i ty  of I l l i n o i s ,  
Urbana-ChamDaien 
My t a s k  was t o  summarize t h e  recommendations of t h e  pane l  on impl i ca t ions  
f o r  system design. The panel  genera ted  14  recommendations. 
1. 
2. 
3. 
4. 
Workload (and t r a i n i n g )  should be cons idered  e a r l y  i n  t h e  
development cycle--that i s ,  dur ing  t h e  des ign  phase. 
We should work toward a s tandard ized  methodology f o r  workload 
ana lys i s ,  a p p l i c a b l e  t o  des ign  phases. 
Human f a c t o r s  should be given s i g n i f i c a n t  weight i n  system 
evaluation. 
The academic community 
- Should not  underes t imate  what i t  knows and can c o n t r i b u t e ,  
- Should not  underes t imate  t h e  va lue  of r e l a t i v e l y  s imple 
gu ide l ines ,  
- Should not  o v e r s e l l  i t s  e x i s t i n g  c o l l e c t i v e  wisdom as exact  
s tandards o r  p r e c i s e  numeric ind ices .  
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5. Good task analysis is absolutely essential; it should be 
- thorough with respect to components of human information 
processing, 
- comprehensive with respect to major nissions/objectives/ 
conditions. 
6 .  Cognitive components (system management, high-order pattern 
recognition) of system operation should be given increased emphasis. 
7. Consideration of overload conditions (weather, faults, battle) 
should be included in all phases of the cycle--design, evaluation, 
and training. 
8 .  Components performed on a collective basis should be considered in 
addition to components performed independently by individuals. We 
should not ignore analysis and training of strategy components, such 
as tasks performed by a group commander. 
9. Training analysis, in early phases and throughout the cycle, should 
consider skill maintenance as well as initial learning. 
10. Strong emphasis should be given to validation of methodologies and 
principles. 
1 1 .  We should develop/enhance/validate computer programs (and other 
tools) for the analysis of workload. 
- Based upon models of human information processing, the knowledge 
of experts, etc. 
- Input: detailed timelines from task analysis 
- Output: workload profiles. 
We should develop/enhance/validate computer programs (and other 
tools) for the analysis of training requirements. 
e 
12. 
- Eased upon analysis/synthesis of information from existing 
training databases (for example, commercial and milit'ary 
aviation). 
- Input: task analysis in terms of skill components. 
- Output: summary of initial training and skill maintenance factors 
(repetitions requires, duration of training phases, ete.). 
13. Agencies should consider development of "generic" simulators that 
could be used to studylvalidate guidelineslprinciplesl 
methodologies. 
14. We need a better flow of information between industry and 
universities: student internships, cooperative relationships, etc. 
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E. James Har t ze l l ,  U.S. Army Aeroflightdynamics D i r e c t o r a t e ,  Moffet t  F i e l d ,  CA 
The following is  i n  response t o  your reques t  f o r  commentary on t h e  Carmel 
V I 1 1  workshop. These no te s  r ep resen t  a heav i ly  ed i t ed  v e r s i o n  of t h e  
in t roduc t ion  t o  a t a l k  I would have g iven  a t  t h e  workshop had I no t  had 
l a r y n g i t i s .  Much of t h e  remaining p o r t i o n s  of t h e  t a l k  a r e  inc luded  i n  t h e  
Executive Summary. 
The Tra in ing  Challenge 
I was l i s t e d  on t h e  agenda t o  t a l k  about t h e  Tra in ing  Challenge. This  
presented m e  with a cha l l enge  and a dilemma of my own. I was supposed t o  
address  t h e  importance of cons ider ing  t r a i n i n g  and workload dur ing  t h e  des ign  
and procurement process  w i t h i n  t h e  DOD. My dilemma der ived  from t h e  f a c t  t h a t  
t h e  armed se rv ices  by and l a r g e  don't des ign ,  l e t  a lone  b u i l d ,  anything;  they 
wr i te  s p e c i f i c a t i o n s  and i n d u s t r y  des igns  and bu i lds  whatever i t  i s  t o  t h e s e  
s p e c i f i c a t i o n s .  DOD procures  t h e  end i t e m  and then compares t h e  product  t o  
t h e  o r i g i n a l  s p e c i f i c a t i o n s  t o  determine i t s  s u i t a b i l i t y .  With i n c r e a s i n g  
frequency DOD may even c o n t r a c t  f o r  t h e  w r i t i n g  of t h e  s p e c i f i c a t i o n s .  Thus, 
what DOD r ea l ly  does i s  t o  provide  t h e  need f o r  t h i n g s ,  expressed and mani- 
f e s t e d  i n  t h e  form of a new mission or  mission requirements.  
The remarkable advances i n  technology have n o t  on ly  captured  t h e  
imaginat ion of the t e c h n o l o g i s t s ,  but a l s o  t h a t  of t h e  g e n e r a l  populat ion.  
However, complex and s o p h i s t i c a t e d  systems a r e  o f t e n  developed without  
adequate  r e f l e c t i o n  on t h e  consequences t o  t h e  human i n t e r a c t i o n  wi th  t h e  
system o r  i t s  technology. It seems t h a t  technology can do anything man can 
t h i n k  of.  However, j u s t  because it is  p o s s i b l e  t o  develop something does not  
compel'or j u s t i f y  one's doing so. Rampaging technology may be l eap ing  over  
s e r i o u s  s c i e n t i f i c  i s s u e s  and l eav ing  behind t h e o r e t i c a l  ho le s  t h a t  may one 
day soon b r ing  u s  upon d e s p e r a t e  t imes,  f i n a n c i a l l y  and t e c h n i c a l l y .  
Whereas technology i s  evolving seemingly unencumbered, man has reached 
t h e  end of t h e  evolu t ionary  t r a i l .  We are  s tuck  w i t h  l i m i t s  on r e a c t i o n  t i m e ,  
v i s u a l  a c u i t y ,  i n t e l l e c t ,  memory, and so  on. The evo lu t ion  of man and t h e  
evolu t ion  of technology are  on d ivergent  courses.  To make matters worse, 
advanced technology mani fes t s  i t s e l f  i n  t h e  form of AUTOMATION.. . ..a word that 
i n c u l c a t e s  t h e  a t t r i b u t e s  of advanced technology, which impl i e s  a promise t o  
make l i f e  e a s i e r  and more p l easan t  f o r  humans. The i d e a  con ju res  up t h e  
v i s i o n  of l i t t l e  Expert Systems running around t ak ing  care of a l l  manners of 
th ings .  I a m  being ove r ly  c r i t i c a l  of t h e  idea  t o  make a poin t .  It i s  a s  
though we be l ieve  t h a t  i f  a t a s k  i s  d i f f i c u l t  i t  should be automated away. 
The assumption is t h a t  t h e  workload goes away wi th  i t  and, w i th  less t a s k s  t o  
do, t h e r e  should be l e s s  t r a i n i n g  required.  L e t  t h e  p i l o t  become a manager, a 
monitor of automated systems. 
t a s k s  and not  very good as monitors. Not on ly  have w e  come t o  t h e  end of our  
evolu t ionary  t r a i l ,  w e  may have come t o  t h e  end of our p i l o t i n g  t r a i l .  Since 
i t  is u n l i k e l y  tha t  advances i n  technology w i l l  w a i t  f o r  us  t o  c a t c h  up, what 
can s c i e n t i s t s  and r e sea rche r s  i n  t h e  f i e l d  of human f u n c t i o n  and behavior  do 
t o  he lp?  
However, humans a r e  very  good a t  psychomotor 
I s e e  t h e  chal lenge t o  be a t  l e a s t  two-fold: We must f i r s t  e l u c i d a t e  what 
i s  known about human f u n c t i o n  and behavior  whi le  i n t e r a c t i n g  wi th  complex and 
advanced technology systems, t o  squeeze t h e  l as t  drops of p r o f i c i e n c y  and 
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e f f i c i e n c y  out  of our renarkable ,  but l i m i t e d  and f i x e d ,  human c a p a b i l i t i e s .  
The next  problem i s  t o  make t h e  t echno log i s t s  and engineers  aware of t h e  
consequences of t h e i r  des ign  dec is ions  and a p p l i c a t i o n s  of technology, a s  they 
impact t h e  l i m i t a t i o n s  and c a p a b i l i t i e s  of t h e  human i n t e r a c t i n g  wi th  t h e  
technology i n  terms unders tandable  t o  them. Making them aware by f i a t ,  e d i c t ,  
r e g u l a t i o n  s t anda rds ,  and t h i n l y  ve i l ed  t h r e a t s  is  doomed t o  f a i l u r e .  
Heightening t h e i r  awareness of human i s s u e s  i n  des ign  through educa t iona l  
methods and media is a noble  e f f o r t ,  and must be  done. Unfor tuna te ly ,  t h i s  
o f t e n  s e r v e s  only t o  g i v e  them access t o  t h e  "buzz words" needed t o  convince 
t h e  r e g u l a t o r  t h a t  t h e  "regulatee"  has complied wi th  t h e  r egu la t ions .  
p rovide  t h e  des igne r s ,  t echno log i s t s ,  and i n d u s t r i a l i s t s  w i th  methods, 
measures, and informat ion  i n  terms understandable  and u s a b l e  t o  them o r  we 
have only placed another  c o s t l y  l aye r  of r e g u l a t i o n s  on t h e  problem; a band- 
a i d  on a f e s t e r i n g  n a t i o n a l  s o r e  when sys temic  medicat ion i s  c l e a r l y  
ind ica t ed .  Methods and measures a r e  a d i f f i c u l t  enough problem, but  
in format ion  i s  t h e  most c r i t i c a l  issue of a l l .  
of going t o  a handbook f o r  guidance. 
may s o l v e  t h e  problem of conveying information t o  t h e  des igner .  
s c i e n t i s t s  have even at tempted t o  express t h e i r  d a t a  i n  engineer ing  terms. 
The s h o r t f a l l  he re  is  t h a t  i s o l a t e d  fac ts  and d a t a  e x t r a c t e d  from a d a t a  base 
deny t h e  use r  of t h e  information and i n s i g h t  i n t o  t h e  r e l a t i o n s h i p s  and 
i n t e r a c t i o n s  among t h e  f a c t s  and data. 
t h e r e  has  been a combinator ia l  explosion of s i g n i f i c a n t  i n t e r a c t i o n s  and 
in fe rences  which a re  c r i t i c a l  i n  t he  des ign  process.  
We must 
Designers  have a long h i s t o r y  
More r e c e n t l y ,  computerized d a t a  bases  
Some 
As systems have become more complex, 
My f i n a l  po in t ,  then ,  is t h a t  one of t h e  new f r o n t i e r s  i n  our s c i e n c e  
should be t h e  development of methods and means of understanding t h e  complex 
i n t e r a c t i o n s  between and among t h e  f a c t s ,  d a t a ,  and f i n d i n g s  of our r e sea rch  
i n  terms of c o s t s  and b e n e f i t s  t o  human p ro f i c i ency  and e f f e c t i v e n e s s  i n  
i n t e r a c t i n g  wi th  complex advanced technology and p r imar i ly  automated systems. 
The foregoing  comments r e f l e c t  cha l lenges  f a r  beyond t h e  scope of what 
could be addressed i n  a few days. However, I propose a mat r ix  s t r u c t u r e  which 
may he lp  i n  focus ing  our  e f f o r t s ,  and perhaps provide an  oppor tuni ty  t o  make a 
small c o n t r i b u t i o n  t o  t h e  broader  problem. 
The t r i a d  of t r a i n i n g ,  workload, and performance i s  so inexorably  i n t e r -  
twined and i n t e r a c t i v e ,  t h a t  t o  d i scuss ,  address ,  even conduct r e sea rch  on one 
t o  t h e  exc lus ion  of t h e  o t h e r s  is at  b e s t ,  i r r e s p o n s i b l e .  Elevated t r a i n i n g  
l e v e l s  lead  t o  improved performance, and reduced workload may a l s o  lead  t o  
b e t t e r  performance. What seems t o  be overlooked is  t h a t  i f  t h e  workload i s  
t o o  g r e a t  du r ing  t r a i n i n g ,  no t  only is  performance unacceptable ,  but  l e a r n i n g  
cannot  occur. You cannot l e a r n  what you cannot do; a f t e r  a l l ,  t h e  purpose of 
t r a i n i n g  is  t o  f a c i l i t a t e  l ea rn ing .  But that ' s  on ly  t h e  t h e o r e t i c a l  
p rospec t ive .  The a c t u a l  r e l a t i o n s h i p  invo lves  t h e  system, which must be 
opera ted  t o  a s p e c i f i e d  performance s tandard.  I f  t h e  system complexity i s  
high,  so w i l l  t h e  t r a i n i n g  requirements be,  and t h e  workload experienced by 
t h e  opera tor .  So, too ,  can w e  p red ic t  reduced o r  u n r e l i a b l e  performance from 
t h e  opera tor .  I f  t h e  system des ign  is  made t r anspa ren t  t o  t h e  ope ra to r  
through an i n t e r f a c e  which is compatible wi th  t h e  human, t h e  workload w i l l  be 
accep tab le  and t h e  t r a i n i n g  requirements manageable, and w e  can p r e d i c t  
s a t i s f a c t o r y  performance of a r e l i a b l e  na ture .  
o r  t hough t l e s s  system des ign  w i l l  lead t o  poor performance no matter what t h e  
t r a i n i n g  and workload reduct ion  e f fo r t s .  
The bottom l i n e  i s  t h a t  poor 
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Of t h e  many t a s k s  and environments which confront  t he  human ope ra to r  of 
complex modern advanced technology systems,  t h e r e  a r e  two which r ep resen t  
extremes i n  both t a s k s  and environments. S ing le  crew h e l i c o p t e r s  engaged i n  
n i g h t ,  a l l  weather, nap-of-the-earth m i l i t a r y  missions and t h e  long-durat ion,  
multicrew, space s t a t i o n  missions r ep resen t  t h e s e  two extremes. These two 
t a s k s  and t h e i r  environments, coupled wi th  t h e  t r i a d ,  make up t h e  mat r ix  I 
spoke of e a r l i e r .  
d e l i b e r a t i o n s .  The two t a s k s  r ep resen t  extremes of human i n t e r a c t i o n  wi th  
complex modern systems. 
The mat r ix  is  what I have i n  mind as a way of focus ing  our  
A l l  else f a l l s  in-between. 
Barry H. Kantowitz, Department of Psychology, Purdue Un ive r s i ty ,  
West Lafaye t te ,  I N  
One important c r i t e r i o n  I use  f o r  eva lua t ing  conferences i s  t h e  l e n g t h  of 
my notes .  
from Kei th  Fender, Charles  Gainer,  and Richard Gabriel .  This  a l lows me t o  
i n f e r  t h a t  f o r  me t h e  most va luab le  a spec t  of t h e  conference was t h e  oppor- 
t u n i t y  t o  i n t e r a c t  wi th  co l leagues  o u t s i d e  of t h e  groves of acadene. While 
t h e  s c i e n t i f i c  exchanges a t  t h e  conference were impor tan t ,  I have o t h e r  ways 
of ob ta in ing  tha t  kind of information--large conferences,  a network of 
informal  communication, and jou rna l s .  I have l i t t l e  oppor tuni ty  t o  exchange 
views wi th  p r a c t i t i o n e r s  who have a less t h e o r e t i c a l  viewpoint due t o  t h e  
urgent  demands of immediate problems t h a t  must be solved. I w a s  p a r t i c u l a r l y  
impressed t h a t  the  p r a c t i t i o n e r s  were so aware of t h e  t e c h n i c a l  problems wi th  
t h e i r  c u r r e n t  so lu t ions ,  and t h i s  has  increased  my mot iva t ion  t o  use  t h e o r e t i -  
c a l  t o o l s  t o  help them s o l v e  t h e i r  problems i n  b e t t e r  ways. 
The th ree  p r e s e n t a t i o n s  f o r  which I had most ex tens ive  no te s  were 
I very much enjoyed t h e  panel  i n t e r a c t i o n  and urge  t h a t  t h i s  format  be  
continued. The chance t o  deba te  important  i s s u e s  i n  a small group was q u i t e  
f r u i t f u l .  
I th ink  a l l  t h e  panels  accomplished t h e i r  goa ls .  
Although my b iased  view is t h a t  t h e  f i r s t  panel  was most d i l i g e n t ,  
My main complaint about t h e  conference was i t s  length.  A f u l l  week away 
from my l a b  ( e s p e c i a l l y  when c l a s s e s  a re  n o t  i n  s e s s i o n )  is  a high p r i c e  t o  
pay f o r  a t tendance even a t  t h i s  i l l u m i n a t i n g  conference.  I am s t i l l  t r y i n g  t o  
ca t ch  up. Perhaps a s i n g l e  day of t u t o r i a l s  would have su f f i ced .  S i m i l a r l y ,  
t h e  panel r epor t s  could have been condensed by having fewer panel  members make 
p resen ta t ions .  A s  i s  t h e  case  wi th  most conferences ,  a g r e a t  d e a l  w a s  
accomplished over d inne r  and a t  n ight .  Thus, t h e  formal  scheduled presenta-  
t i o n s  could be  condensed without  s u b s t a n t i a l l y  harming t h e  f u n c t i o n s  of t h e  
conference.  
Nev i l l e  Moray, Department of I n d u s t r i a l  Engineer ing,  Un ive r s i ty  of Toronto,  
Ontar io ,  Canada 
This  was an  e x c e l l e n t  meeting. It provided an oppor tun i ty  t o  c l a r i f y  my 
understanding of s e v e r a l  t o p i c s  which a r e  c u r r e n t l y  of g r e a t  t h e o r e t i c a l  
importance, such a s  t h e  s t a t u s  of m u l t i p l e  r e source  theory  and t h e  n a t u r e  of 
au tomat i sa t ion  of behaviour. The d e s c r i p t i o n s  of t h e  needs of i n d u s t r y ,  and 
t h e  oppor tuni ty  t o  i n t e r a c t  wi th  i n d u s t r y  and government r e p r e s e n t a t i v e  was 
unusual and valuable.  
p i c t u r e  than before  of t h e  ex ten t  t o  which our  c u r r e n t  knowledge is  a b l e  t o  
I found t h a t  I have come away wi th  a much c l e a r e r  
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suppor t  p r a c t i c a l  app l i ca t ion .  I f e e l  t h a t  t h e  r e l a t i o n  between t r a i n i n g ,  
des ign ,  and workload was made apparent.  I n  my view t r a i n i n g  should not  be 
aimed a t  reducing workload. 
aimed a t  providing accep tab le  performance. Workload measures can be used t o  
guide  des ign  and eva lua te  performance, t h e  aim being t o  ensure  t h a t  pe r fo r -  
mance w i l l  not  r e q u i r e  unreasonable  e f f o r t  from t h e  opera tor .  
t o  put  some "envelopes" on des ign  predict ively--within t h e  envelope w e  can 
expect s a t i s f a c t o r y  performance. 
expected. 
game" played on t h e  l a s t  day. 
The combination of des ign  and t r a i n i n g  should be 
We know enough 
Outside t h e  envelope t r o u b l e  can be 
The claim t h a t  we can do t h i s  was based on t h e  "RFP s imula t ion  
Penny Sanderson, Department of Psychology, Un ive r s i ty  of I l l i n o i s ,  
Urbana-Champaign 
The most va luab le  aspec t  of t h e  meeting, of course,  was t h e  communication 
which sprang up between t h e  bas i c - theo re t i ca l  and app l i ed -p rac t i ca l  p a r t i c -  
i pan t s .  This  was c e r t a i n l y  one of t h e  h i g h l i g h t s  of Panel 1's p r i v a t e  
d i scuss ions .  The role-playing exerc ise  of Panel IV dramatized t h e  sometimes 
d i f f i c u l t  d i a l e c t i c  of t h e  two sets  of p a r t i c i p a n t s ,  and provided us  w i t h  very  
good theatre--almost pure psychodrama. A s  a neophyte i n  t h e  world of govern- 
ment c o n t r a c t s  and so  on, I l ea rned  a g r e a t  d e a l  about t h e  process  from Panel 
I V ' s  e f f o r t s  (and t h e i r  mutual ly  d i r ec t ed  out rage) .  
I n  my t a l k  I d e a l t  wi th  t h e  i n t e r a c t i o n  between t h e  v a l i d i t y ,  
r e l i a b i l i t y ,  and s e n s i t i v i t y  of workload measures. I w a s  s u p r i s e d  a t  t h e  
i n t e r e s t  from t h e  app l i ed -p rac t i ca l  s i d e  i n  having t h e  t e s t - t h e o r e t i c a l  
c o n s t r a i n t s  f u r t h e r  l a i d  out.  It seems t h a t  a f u l l  t rea tment  of t h i s  t o p i c  
would be a use fu l  handbook f o r  prac t ioners .  
Another va luab le  aspec t  w a s  t h e  d i scuss ions  and r e p a r t e e  ( N e v i l l e  Moray, 
Daniel  Gopher, Barry Kantowitz, Chris Wickens, e t c . )  which went on about t h e  
h e u r i s t i c  r o l e  of theory i n  guid ing  r e sea rch  on app l i ed  ques t ions .  I came 
away f e e l i n g  t h a t  whi le  theory is inherent  i n  what we do ( a l l  obse rva t ion  i s  
theory-laden) ,  t h e r e  were c e r t a i n l y  dangers  t o  ex te rna l  v a l i d i t y  i n  squeezing 
r e a l i t y  i n t o  c u r r e n t l y  f a sh ionab le  paradigms. 
The Carmel Conference has  g o t  me th ink ing  t h a t  app l i ed  s c i e n t i s t s  need a 
good philosophy of app l i ed  science.  Of course,  t h i s  i s  a r a t h e r  s e l f - r e f u t i n g  
cncept ,  as philosophy i s  t h e  las t  th ing  t h a t  p r a c t i t i o n e r s  are  going t o  be 
bothered about. However w e  do need g u i d e l i n e s  about (1) how t o  manage t h e  
t rade-off  between i n t e r n a l  and ex terna l  v a l i d i t y  of experiments and ( 2 )  what 
a r e  t h e  l i m i t i n g  cond i t ions  on i n t e r n a l  and e x t e r n a l  v a l i d i t y ,  and (3 )  how t o  
i d e n t i f y  t h e  subse t  of experiments or t r i a l s  which w i l l  g i v e  t h e  b e s t  r e t u r n  
wi th  r e s p e c t  t o  goa l s  agreed upon by r e sea rche r s  and con t r ac to r s .  ( I  can see 
t h e  need f o r  t h i s  i n  t h e  NASA Workload, Automation and Tra in ing  p r o j e c t  under 
way a t  ARL a t  t h e  moment, which of course is  focused around t h e  LHX j u s t  as 
t h e  conference was.) What would a philosophy of app l i ed  s c i e n c e  look l i k e ?  I 
imagine t h a t  a long wi th  a l a r g e  t r a d i t i o n a l  dose of epistemology i t  would 
invo lve  a spec t s  of engineer ing economics, p o l i t i c s ,  planning,  decision-making 
under r i s k ,  pragmatics ,  and so on. Problem? Maximize t h e  former under 
c o n s t r a i n t s  provided by t h e  l a t t e r .  Good t o p i c  f o r  a conference? 
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On t h e  one hand I th ink  t h e  LHX d id  us a s e r v i c e  i n  providing a good 
focus f o r  t h e  conference and i n  being such a b o r d e r l i n e  p i e c e  of equipment 
from t h e  human f a c t o r s  angle.  On t h e  o t h e r  hand I f i n d  i t  d i s t u r b i n g  t h a t  
such a good quest ion ( I n t e r a c t i o n  of Workload and Tra in ing)  must be motivated 
by such a p o l i t i c a l l y  conceived p i ece  of equipment. S ince  t h e  LHX i s  90% 
( p i c k  a number) designed by Pentagon po l i cy  d i c t a t e d  by t h e  r e l a t i v e  m i l i t a r y  
manpower of t he  U.S. and U.S.S.R. and t h e  “ s u r v i v a b i l i t y  r a t i o , ”  I f e a r  our 
good conference communication i s  somewhat qu ixo t i c .  
J i m  Staszewski ,  Department of Psychology, Carnegie Mellon Un ive r s i ty ,  
P i t t s b u r g h ,  PA 
L e t  me also thank you and t h e  o t h e r  o rgan ize r s  f o r  t h e  oppor tun i ty  t o  
p a r t i c i p a t e  i n  t h i s  conference.  
pe r spec t ives ,  f a r  more than are ind ica t ed  i n  t h e  comments below, and I hope 
t h a t  I cont r ibu ted  t o  t h e  conference i n  reasonable  propor t ion  t o  what I’ve 
gained. I should pass  on t h a t  every one of t h e  20 o r  so  p a r t i c i p a n t s  I spoke 
wi th  on t h e  meeting’s f i n a l  days expressed s imilar  sen t iments  as t o  i t s  value.  
I i n t e r p r e t  t h i s  unanimity as an index of unusual  success ,  due unquest ionably 
t o  t h e  conference’s superb organiza t ion .  
I came away wi th  many va luab le  i d e a s  and 
With regard t o  t h e  p u b l i c a t i o n  of t h e  proceedings,  I look forward t o  t h e  
oppor tuni ty  t o  e d i t  t h e  t e x t  of my t u t o r i a l  p r e s e n t a t i o n  and i n c o r p o r a t e  t h e  
appropr i a t e  f igu res .  I’m s u r e  i t  needs more than  a l i t t l e  r e v i s i o n  i f  i t  i s  
t o  c l e a r l y  communicate what I’d intended i t  to .  
I’ve come away from t h i s  conference be l i ev ing  t h a t  a c c u r a t e  measurement 
of workload i s  an u n l i k e l y  prospect  f o r  t h e  immediate f u t u r e  and t h a t  
d e f i n i t i o n  of t h i s  concept may not  even be poss ib le .  For a concept w i th  such 
a compelling face  v a l i d i t y ,  t h i s  i s  c l e a r l y  a f r u s t r a t i n g  s i t u a t i o n .  That’s 
t h e  bad news. The good news is t h a t  progress  has  been made i n  t h e  decade 
s i n c e  t h e  1977 NATO conference,  p r imar i ly  i n  understanding t h e  complexity of 
t h e  concept of workload and t h e  corresponding d i f f i c u l t y  of d e f i n i n g  and 
measuring it. 
important t h e o r e t i c a l  and empir ica l  i s s u e s  t h a t  r ep resen t  t h e  agenda f o r  b a s i c  
r e sea rch  on workload and w i l l  shape f u t u r e  approaches t o  i t s  measurement. 
I t h i n k  t h i s  conference has  succeeded i n  i d e n t i f y i n g  t h e  
With regard t o  de f in ing  workload, a s  I suggested i n  my panel  presenta-  
t i o n ,  I ques t ion  whether t h e  concept can be def ined.  Of course ,  t h i s  view i s  
based on t h e  informal observa t ions  of a newcomer t o  r e sea rch  on t h i s  t o p i c ,  
but neve r the l e s s  I t h i n k  a c a s e  can be made t h a t  workload, l i k e  t h e  concept of 
i n t e l l i g e n c e ,  has many of t h e  p r o p e r t i e s  t h a t  c h a r a c t e r i z e  n a t u r a l  
concepts /categories .  I f  t h i s  analogy holds ,  t h e  most r e l evan t  of t h e s e  
p r o p e r t i e s  i s  tha t  t h e  concept has  no f i x e d  set of d e f i n i n g  f e a t u r e s  o r  
dimensions t h a t  cu t  ac ross  a l l  t h e  s i t u a t i o n s  i n  which we would want t o  
mea s u r  e workload . 
This  conclusion impl ies  t h a t  any form of o b j e c t i v e ,  s tandard ized  
measurement of workload based on a s i n g l e  s p e c i f i e d  dimension o r  set  of 
dimensions won’t work. In s t ead ,  any gene ra l  approaches t o  measurement w i l l  
have t o  employ instruments  t h a t  a r e  s e n s i t i v e  t o  t h e  t a sk - spec i f i c  n a t u r e  of 
workload and be f l e x i b l e  enough t o  handle  a wide range of s i t u a t i o n s .  
i t  is  because sub jec t ive  measures have t h e s e  p r o p e r t i e s  of f l e x i b i l i t y  and 
Perhaps 
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context  s e n s i t i v i t y  t h a t  they enjoy the  success  Sandy Har t  r e p o r t s .  
Unfor tuna te ly ,  ques t ions  of r e l i a b i l i t y  t h a t  pose d i f f i c u l t  r e sea rch  problems 
plague t h i s  approach; it’s not  c l e a r  what dimensions people  use  i n  making 
s u b j e c t i v e  e s t ima tes ,  whether d i f f e r e n t  people use  d i f f e r e n t  dimensions ( o r  
d i f f e r e n t  weight ings of dimensions) t o  a r r i v e  a t  some composite index,  o r  i f  
people  r e l i a b l y  use  t h e  same dimensions t o  estimate t h e  workload of d i f f e r e n t  
tasks .  
Is t h e r e  a g e n e r a l  approach t o  measuring workload t h a t  i s  both f l e x i b l e  
enough and o b j e c t i v e ?  I t h i n k  so, and I t h i n k  t h a t  t h e  s imula t ion  methodology 
of c o g n i t i v e  s c i e n c e  ( t h e  knowledge-engineering approach t o  t a s k  a n a l y s i s ,  i n  
Danny Gopher’s terms) r ep resen t s  a p a r t i c u l a r l y  promising candidate .  
General ly  speaking,  t h i s  approach i s  app l i ed  t o  s tudy  broad, complex 
phenomena (such as problem so lv ing ,  n a t u r a l  language pe rcep t ion  and 
comprehension, memory r e t r i e v a l ,  s k i l l  a c q u i s i t i o n ,  cogn i t ive  development) 
l a r g e l y  because t h i s  methodology can accommodate phenomena i n  which many 
endogenous v a r i a b l e s  ( d i f f e r e n t  processes ,  p r i o r  knowledge, c a p a c i t i e s ,  
s t r a t e g i e s )  i n t e r a c t  wi th  exogenous v a r i a b l e s  of t h e  t a s k  environment i n  
complex ways t h a t  r e d u c t i o n i s t i c ,  con t ro l l ed  experiments f a i l  t o  capture .  
Computer s imula t ion  provides  a t o o l  f o r  modeling t h e  complex i n t e r a c t i o n  of 
many v a r i a b l e s  and a l s o  an environment i n  which t h e s e  v a r i a b l e s  can be 
manipulated experimental ly  t o  examine t h e i r  e f f e c t s  of performance. Applied 
wi th  s u f f i c i e n t  r i g o r ,  s imu la t ion  r ep resen t s  a p o t e n t i a l l y  powerful t o o l  f o r  
s tudying  real-world problems, such as workload measurement and t h e  assessment 
and p r e d i c t i o n  t r a i n i n g  e f f e c t s ,  problems whose complexity overwhelms 
t r a d i t i o n a l  experimental  ana lys i s .  
Some examples of how s imula t ion  i s  being appl ied  t o  s tudy  workload- 
r e l a t e d  i s s u e s  can be found i n  recent  work on human/computer i n t e r a c t i o n .  
b a s i c  s t r a t e g y  is t o  c r e a t e  a g loba l  s imula t ion  model w i th  two primary 
components, a s imula t ion  of t h e  p a r t i c u l a r  system under s tudy ,  and a psycho- 
l o g i c a l  model of i t s  user .  Operator performance can then  be examined as t h e  
two systems i n t e r a c t  i n  ca r ry ing  out s p e c i f i e d  t a s k s  us ing  a s p e c i f i e d  
sequence of procedures. The f l e x i b i l i t y  of t h i s  approach should be apparent .  
The procedures  of t h e  ope ra to r  could be programmed i n  va r ious  ways t o  
s y s t e m a t i c a l l y  explore  t h e  e f f e c t s  of d i f f e r e n t  o p e r a t o r  s t r a t e g i e s  o r  
t r a in ing - re l a t ed  s h i f t s  i n  ope ra to r  behavior. S imi l a r ly ,  d i f f e r e n t  dev ice  
des igns  can be implemented t o  examine t h e i r  e f f e c t s  on performance. From a 
p r a c t i c a l  s t andpo in t ,  t h e  sav ings  achieved by us ing  s imula t ion  models of 
complex systems f o r  t e s t i n g  purposes r a t h e r  than  a c t u a l  pro to types  may w e l l  
o f f s e t  c o s t s  of t h i s  r a t h e r  expensive and complex approach t o  workload 
measurement. 
The 
However promising t h i s  gene ra l  approach may be,  i t s  a c t u a l  u t i l i t y  
remains an open ques t ion  and i s  l imi ted  
adequacy which t h e  human use r  can be modeled. 
psychologica l ly  r ea l i s t i c  computer models of pe rcep t ion  and motor a c t i v i t y  a r e  
s t i l l  i n  t h e  f u t u r e  and, whi le  impressive progress  is  being made i n  
cons t ruc t ing  la rge-sca le ,  gene ra l  models of human cogn i t ion ,  t h e s e  c u r r e n t  
models rest on f a r  too  many a r b i t r a r y  assumptions and too  few empi r i ca l  f a c t s .  
most c r i t i c a l l y  by t h e  accuracy and 
It’s c l e a r  t h a t  v i a b l e ,  
I n  t h e i r  defense ,  however, these  systems r ep resen t  t h e  e a r l y  and crude 
pro to types  t h a t  w i l l  gu ide  development of f a r  more s o p h i s t i c a t e d  models. 
Thei r  psychological  v a l i d i t y  ( o r  lack  t h e r e o f )  is  r e f l e c t i o n  of t h e  body of 
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sound theory  and d a t a  a v a i l a b l e  t o  guide  and c o n s t r a i n  t h e i r  design.  
po in t  i s  t h a t  cogni t ive  s c i e n c e  o f f e r s  a p o t e n t i a l l y  powerful methodology f o r  
measuring workload and ana lyz ing  i t s  e f f e c t s  but  whether o r  no t  t h i s  p o t e n t i a l  
is  r e a l i z e d  depends c r u c i a l l y  on advances i n  our t h e o r e t i c a l  and empi r i ca l  
understanding of human information processing.  
The 
The s i n g l e  i s s u e  probably most i n  need of a t t e n t i o n  i f  w e  a r e  t o  make 
progress  i n  understanding, measuring, and p r e d i c t i n g  workload i s  t h a t  of 
c a p a c i t y  l i m i t a t i o n s .  
d i f f e r e n t  t a s k s  i s  beyond doubt,  but  widely accepted no t ions  of f i x e d ,  
fundamental s t r u c t u r a l  o r  process ing  l i m i t a t i o n s  can be c a l l e d  i n t o  ques t ion .  
Recent ly ,  a f o r c e f u l  argument has  been made t h a t  t h e  e n t i r e  no t ion  of l i m i t e d  
process ing  r e sources / capac i t i e s  i s  s c i e n t i f i c a l l y  bankrupt. 
of d ig i t - span  and v i s u a l  s ea rch  show t h a t  wi th  modest t r a i n i n g  (by real-world 
s t anda rds )  people circumvent what a r e  o f t e n  assumed t o  be fundamental 
s t r u c t u r a l  and processing l i m i t a t i o n s .  While t h e s e  s t u d i e s  do no t  r e f u t e  t h e  
ex i s t ence  of s t r u c t u r a l  o r  process ing  c o n s t r a i n t s ,  t hey  do i n d i c a t e  t h a t  t h e  
adap t ive  n a t u r e  of t h e  human process ing  system al lows i t  t o  d e f e a t  l i m i t i n g  
f a c t o r s  under t h e  a p p r o p r i a t e  condi t ions .  Without a doubt ,  a c r i t i c a l  i t e m  on 
t h e  r e sea rch  agenda should be i d e n t i f i c a t i o n  of t h e  c o g n i t i v e  mechanisms t h a t  
l i m i t  performance and t h e  manner and cond i t ions  under which they  in t e rvene .  
That people are  l i m i t e d  i n  t h e i r  a b i l i t i e s  t o  cope wi th  
Empir ical  s t u d i e s  
Michael H. Strub ,  U. S. Army Research I n s t i t u t e ,  F t .  B l i s s ,  TX 
The meeting was an e x c e l l e n t  forum f o r  p re sen t ing  t h e  a p p l i c a t i o n  needs 
of t h e  u s e r  p a r t i c i p a n t s  and t h e  s t a t e  of t h e  a r t  i n  workload and t r a i n i n g  
r e sea rch  measures/methods. 
P resen ta t ions  d e a l t  wi th  Army MANPRINT needs and ARI a v i a t i o n  workload 
r e s u l t s  comparing one VS. two crewmember's f o r  LHX. Theore t i ca l  p r e s e n t a t i o n s  
covered t h e  l a t e s t  developments i n  m u l t i p l e  resource  a t t e n t i o n  concepts  a s  
w e l l  as an assessment of t h e  s t r e n g h t s  and weaknesses of c u r r e n t  workload 
measurment techniques. I n  t h e  second ha l f  of t h e  workshop p a r t i c i p a n t s  were 
organized i n t o  four t a s k  f o r c e s  t o  i n v e s t i g a t e  and r e p o r t  back on key a s p e c t s  
of t h e  training-workload i n t e r a c t i o n .  
ARI 's  increased  involvement i n  ope ra to r  workload r e sea rch  warrants 
cons ide ra t ion  of j o i n t  sponsorsh ip  of f u t u r e  workload coord ina t ion  meetings 
similar t o  t h i s  one. 
Pamela Tsang, NASA Ames Research Center ,  Moffet t  F i e l d ,  CA 
Thank you fo r  t h e  oppor tun i ty  t o  a t t e n d  t h e  workshop on Workload and 
Training.  
taken f o r  gran ted  i s s u e s  concerning workload and t r a i n i n g .  
The workshop helped me r econs ide r  some of t h e  "obvious" and o f t e n  
Much e f f o r t  had been devoted t o  d e f i n i n g  t h e  concept of workload a t  t h e  
NATO symposium almost a decade ago. The one and only consensus seemed t o  be 
t h a t  i t  is  a multidimensional concept. While t h e  mul t id imens iona l i ty  i s  
perhaps respons ib le  f o r  i t s  unpa ra l l e l ed  enthusiasm from d i v e r s e  s e c t o r s ,  i t  
a l s o  made it acceptab le  f o r  r e s e a r c h e r s  and p r a c t i o n e r s  t o  d e f i n e  workload 
convenient only to  t h e i r  t h e o r e t i c a l  models, r e sea rch  programs, o r  s p e c i f i c  
a p p l i c a t i o n s .  
s t anda rd ized  workload measures and applying them t o  t r a i n i n g .  
very much t o  see some major e f f o r t s  again t o  developing a t i g h t e r  d e f i n i t i o n  
of workload. 
t h e  q u e s t i o n  of what i t  i s  t h a t  w e  are  measuring. 
I a m  t h e r e f o r e  quest ioning t h e  f r u i t f u l n e s s  of pursuing 
I would l i k e  
The q u e s t i o n  of how t o  measure workload would be secondary t o  
Michael Vidul ich,  NASA Ames Research Center,  Moffet t  F i e l d ,  CA 
To s t a r t ,  I would l i k e  t o  express my a p p r e c i a t i o n  f o r  having been i n v i t e d  
t o  a t t e n d  t h e  conference. It was, I f e l t ,  an  e x h i l a r a t i n g  exchange of ideas. 
From my p o i n t  of view, t h e  most major conclusion of t h e  conference w a s  
t h e  consensus t h a t  t h e  no t ion  " t r a in ing  reduces workload" is  inaccura t e .  
seems obvious now t h a t  no s imple r e l a t i o n s h i p  e x i s t s  between t r a i n i n g  and 
workload. 
t h e  r o l e  of system o p e r a t o r s  changes from manual c o n t r o l  t o  pas s ive  monitor- 
i n g ,  i t  is  clear t h a t  t h e  r e l a t i o n s h i p  between t r a i n i n g  and workload needs t o  
be b e t t e r  understood. 
p o s s i b l e ,  o r  even d e s i r a b l e ,  f o r  t r a i n i n g  t o  reduce workload of a l l  t a s k s ?  So 
f a r ,  t h e  most d i r e c t l y  a p p l i c a b l e  research t o  t h e s e  q u e s t i o n s  seems t o  come 
from s t u d i e s  of c o g n i t i v e  automatici ty .  
appears  t o  reduce workload, but mere practice without  t h e  development of 
a u t o m a t i c i t y  may have l i t t l e  e f f e c t  on workload. However, t h e  development of 
a u t o m a t i c i t y  may be counterproduct ive i f  f l e x i b l e  response t o  unan t i c ipa t ed  
s i t u a t i o n s  is  required.  The workload-related c o s t s  and b e n e f i t s  of developing 
a u t o m a t i c i t y  need t o  be more f u l l y  explored t o  determine t h e  degree t o  which 
they can h e l p  d e f i n e  g o a l s  and techniques f o r  t r a i n i n g  programs. 
t h e o r e t i c a l  conceptions of mechanisms t h a t  could reduce workload without  
presupposing t h e  development of au tomat i c i ty  would be i n t e r e s t i n g .  
It 
Given t h a t  mental workload is  becoming i n c r e a s i n g l y  important as  
What kind of t r a i n i n g  reduces workload? Is i t  
T r a i n i n g  t h a t  promotes a u t o m a t i c i t y  
Also, 
Another major p o i n t  a r r i v e s  from t h e  d i s c u s s i o n  concerning t h e  l e v e l  of 
workload t h a t  i s  d e s i r a b l e  i n  a t r a i n i n g  program. 
t h a t  t r a i n i n g  should be performed a t  a low workload l e v e l  i n  o r d e r  t o  a l low 
t h e  t r a i n e e  t o  l ea rn .  While t h i s  i s  c e r t a i n l y  t r u e  t o  some degree,  i t  raises 
an i n t e r e s t i n g  q u e s t i o n  of when t r a i n i n g  might p r o f i t  from higher  workload 
cond i t ions .  As one example, t h e  value of t r a i n i n g  under h igh  s t r e s s  f o r  what 
would be a high stress o p e r a t i o n a l  s i t u a t i o n  is  an important  quest ion.  
An assumption might be made 
As t h i s  w a s  t h e  f i r s t  conference t o  addres s  t h e  issue of t h e  r e l a t i o n s h i p  
between workload and t r a i n i n g ,  it was i n e v i t a b l e  t h a t  more ques t ions  than  
answers would be generated.  However, I t h i n k  w e  can be thankfu l  t h a t  so many 
q u e s t i o n s  t h a t  a re  both t h e o r e t i c a l l y  i n t e r e s t i n g  and p r a c t i c a l l y  v a l u a b l e  
have been formulated. It seems l i k e l y  t h a t  a g r e a t  d e a l  of r e sea rch  w i l l  be  
i n s p i r e d  by t h e  conference. 
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